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ABSTRACT 


The  TH-55A  helicopter  was  tested  by  the  United  States  Army  Aviation  Systems 
Test  Activity  from  October  1970  to  May  1972  as  part  of  a  development  program 
to  improve  the  autorotational  entry  characteristics.  Previous  United  States  Army 
Aviation  Systems  Test  Activity  tests  and  operational  experience  at  the 
United  States  Army  Primary  Helicopter  School,  Fort  Wolters,  Texas,  indicated  that 
the  TH-55A  exhibited  excessive  nose-down  pitching  and  left  rolling  motions 
following  simulated  power  failures.  The  United  States  Army  Aviation  Systems 
Command  directed  the  United  States  Army  Aviation  Systems  Test  Activity  to 
investigate  the  autorotational  entry  characteristics  of  the  standard  helicopter  and 
to  evaluate  .  the  characteristics  with  a  reduced-chord  horizontal  stabilizer 
configuration  developed  by  the  Hughes  Tool  Company.  The  data  from  these  tests 
indicated  that  other  minor  stabilizer  configuration  changes  could  also  improve  the 
autorotational  entry  characteristics.  An  experimental  development  program  was 
conducted  to  determine  an  optimum  stabilizer  configuration.  This  program  resulted 
in  the  development  of  a  reduced-span  stabilizer  with  an  upper-leading-edge  spoiler 
which  improved  the  nose-down  pitching  characteristics  without  seriously  degrading 
other  handling  qualities.  A  second  phase  of  the  test  program  was  conducted  to 
verify  the  structural  adequacy  and  basic  airworthiness  of  the  new  stabilizer  for 
the  entire  flight  envelope  contained  in  the  1967  Hughes  TH-55A  owner's  manual. 
Testing  was  successfully  concluded,  but  a  reduction  of  dynamic  directional  stability 
of  the  helicopter  was  observed.  However,  the  decrease  in  dynamic  directional 
stability  was  significantly  outweighed  by  the  improvement  that  was  achieved  in 
the  autorotational  entry  characteristics  and  other  flying  qualities.  As  a  result  of 
this  test  program,  the  active  fleet  of  TH-55A  helicopters  was  converted  to  the 
horizontal  stabilizer  configuration  developed  by  the  United  States  Army  Aviation 
Systems  Test  Activity. 
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INTRODUCTION 


hackchoiiini) 

1.  In  1967,  the  procurement  of  the  Hughes  Tool  Company  (HTC)  TH-55A 
helicopter  was  initiated  by  the  United  States  Army  to  obtain  a  low-cost  primary 
training  helicopter.  During  the  final  phases  of  delivery  in  April  and  May  of  1968, 
one  aircraft  was  tested  by  the  United  States  Army  Aviation  Systems  Test  Activity 
(USAASTA)  to  determine  compliance  with  contractual  performance  guarantees. 
During  the  test  program,  a  qualitative  evaluation  of  handling  qualities  was  also 
performed.  The  aircraft  exhibited  an  undesirable  pitch-down  characteristic  after 
simulated  engine  failures,  a  deficiency  requiring  mandatory  correction  (ref  1, 
app  A).  Subsequent  reports  from  the  Army  Primary  Helicopter  School  at  Fort 
Wolters,  Texas,  described  this  characteristic  as  "nose  tuck"  and  indicated  that  it 
may  have  contributed  to  unsuccessful  forced  landings  following  an  engine  failure. 

2.  The  HTC  proposed  to  correct  this  characteristic  with  a  two-step  horizontal 
stabilizer  modification  program.  The  reduced-chord  horizontal  stabilizer  on  the  HTC 
Model  269C  helicopter,  which  exhibits  better  autorotational  entry  characteristics, 
is  interchangeable  with  the  standard  TH-55A  stabilizer.  Therefore,  the  first  step 
was  intended  to  provide  an  interim  solution  by  installing  the  Model  269C  stabilizer. 
In  the  event  that  this  stabilizer  was  inadequate,  the  second  step  was  a  major  redesign 
of  the  tail  section.  The  United  States  Army  Aviation  Systems  Command 
(AVSCOM)  directed  USAASTA  to  conduct  a  quantitative  flight  test  program  of 
both  the  standard  stabilizer  (for  base-line  data)  and  the  reduced-chord  stabilizer 
configuration  (ref  2,  app  A).  Following  the  initial  flight  tests  and  discussions  with 
HTC,  the  test  plan  was  expanded  to  include  measurement  of  stabilizer  loads  and 
local  flow  data  which  could  be  used  in  the  proposed  redesign  effort. 

3.  Analysis  of  the  initial  test  data  indicated  that  an  in-house  modification  of 
the  horizontal  stabilizer  might  improve  the  "nose  tuck"  characteristic  and  provide 
a  cost  savings  over  the  contractor's  proposal.  A  proposal  was  submitted  by 
USAASTA  to  AVSCOM  (ref  3,  app  A)  to  develop  and  test  various  stabilizer 
configurations  until  an  "optimum"  configuration  for  an  interim  configuration  was 
determined.  In  this  report,  the  discussion  of  the  development  of  the  optimum 
stabilizer  configuration  was  designated  Phase  I. 

4.  Following  the  development  of  the  optimum  configuration,  an  additional  test 
request  was  received  from  AVSCOM  (ref  4,  app  A)  for  substantiation  of  the 
airworthiness  and  Army  qualification  of  the  TH-55A  with  the  USAASTA  modified 
stabilizer.  Phase  II  of  this  report  presents  results  of  the  qualification  testing  of 
the  recommended  final  configuration. 
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TEST  OBJECTIVES 
Stabilizer  Development  (Phage  I) 

5.  The  original  objectives  of  this  test  were  to  establish  base-line  handling  qualities 
of  the  standard  TH-55A  and  to  evaluate  the  effects  of  the  HTC  reduced-chord 
stabilizer  on  autorotational  entry  characteristics.  The  explicit  objectives  are  detailed 
as  follows: 

a.  Quantitatively  determine  autorotational  entry  characteristics  of  the  basic 
TH-55A. 

b.  Establish  base-line  data  with  the  basic  TH-55A  relative  to  longitudinal 
and  lateral-directional  characteristics  in  hover  and  forward  flight. 

c.  Quantitatively  determine  autorotational  entry  characteristics  of  the 
TH-55A  with  the  reduced-chord  stabilizer  under  the  same  flight  conditions  as  the 
basic  aircraft. 

d.  Evaluate  longitudinal  and  lateral-directional  characteristics  of  the 
modified  aircraft  in  hover  and  forward  flight  to  ensure  no  degradation  from  the 
basic  aircraft. 

e.  Qualitatively  assess  low-speed  flight  characteristics  of  the  basic  and 
modified  aircraft,  and  if  substantial  differences  were  noted,  quantitatively  identify 
them. 

f.  Quantitatively  evaluate  the  effect  of  removing  the  canopy  slat  to 
determine  if  the  aircraft  can  be  safely  flown  in  this  configuration. 

6.  During  the  test,  the  additional  objective  of  acquiring  engineering  data  on  which 
to  base  further  design  efforts  was  established  in  the  event  that  the  reduced-chord 
stabilizer  did  not  provide  an  adequate  improvement.  Analysis  of  these  data 
established  the  requirement  to  develop  an  optimum  stabilizer  for  the  interim 
configuration  which  would  improve  the  autorotational  entry  characteristics  without 
degradation  of  the  overall  handling  qualities. 

Stabilizer  Qualification  (Phase  II) 

7.  The  Phase  II  test  objective  was  to  evaluate  the  airworthiness  of  the  TH-55A 
helicopter  with  the  USAASTA-developed  (optimum  configuration)  horizontal 
stabilizer.  A  secondary  objective  was  to  provide  sufficient  data  for  possible  Federal 
Aviation  Agency  (FAA)  certification. 
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DESCRIPTION 


8.  The  test  TH-55A  helicopter  is  a  two-place  helicopter  with  side-by-side  seating 
manufactured  by  the  Hughes  Tool  Company  and  is  used  by  the  United  States 
Army  as  a  primary  trainer.  It  incorporates  a  single,  three-bladed  fully  articulated, 
main  rotor  and  a  two-bladed,  teetering,  antitorque  tail  rotor.  It  is  equipped  with 
a  Lycoming  H10-360-B1A  reciprocating  engine,  with  a  standard-day,  sea-level  rating 
of  180  shaft  horsepower  (shp)  at  2900  rpm.  The  helicopter  weight  empty  is 
1006  pounds,  and  the  design  gross  weight  is  1670  pounds.  A  complete  listing  of 
pertinent  engineering  data  may  be  found  in  the  FAA  Type  Certificate  Data  Sheet 
(ref  5,  app  A). 

Horizontal  Stabilizer 


9.  The  standard  TH-55A  horizontal  stabilizer  has  a  rectangular  planform, 
symmetrical  NACA  0012  airfoil  of  28  inches,  span,  and  16.8  inches,  chord.  It 
is  constructed  by  forming  a  corrugated  aluminum  skin  over  an  S-shaped  main  spar 
and  capping  the  ends.  The  structure  is  held  together  with  rivets  and  weighs 
approximately  3  pounds.  The  stabilizer  is  mounted  on  the  aft  right  side  of  the 
tail  boom  with  a  positive  dihedral  angle  of  35  degrees  and  a  positive  incidence 
of  4.5  degrees  to  the  longitudinal  axis  of  the  fuselage. 

10.  During  Phase  I,  a  total  of  1 1  horizontal  stabilizer  configurations  were  tested. 
The  airfoil  and  geometric  characteristics  are  shown  in  table  1,  and  the  individual 
configurations  are  listed  in  detail  as  follows: 

a.  Standard  stabilizer  (base-line  data). 

b.  Reduced-chord  stabilizer  (HTC  269C). 

c.  Reduced-chord  stabilizer  with  full-span  upper-leading-edge  spoiler. 

d.  Standard  stabilizer  with  full-span  upper-leading-edge  spoiler  combined 
with  either  a  0-,  3-,  6-,  9-,  or  12-inch  lower-leading-edge  spoiler. 

e.  Reduced-span  stabilizer  (4.5,  7,  and  9  inches  removed  spanwise)  with 
full-span  upper-leading-edge  spoiler. 

1 1 .  The  HTC  reduced-chord  stabilizer  consisted  of  a  standard  stabilizer  with  the 
aft  25  percent  of  the  stabilizer  chord  removed  and  the  trailing  edge  capped.  This 
modification  changed  the  cross-sectional  area,  the  aspect  ratio,  the  effective 
thickness,  and  blunted  the  trailing  edge  to  a  thickness  of  1.1  inches. 

12.  The  reduced-span  configurations  were  constructed  by  cutting  the  standard 
stabilizer  spanwise  and  reinstalling  the  end  cap.  The  locations  for  cutting  were 
restricted  by  the  corrugated  surface  beads  since  the  end  cap  could  not  be  riveted 
at  these  locations.  This  modification  changed  only  the  planform  area  and  aspect 
ratio. 
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Table  1.  Geometry  of  Horizontal  Stabilizers. 


Stabilizer 

Configuration1 

Span 

(in.) 

Chord 

(in.) 

Aspect 

Ratio 

Planform 

Area 

(ft2) 

Planform 

Area 

Reduction 
( X ) 

Standard 

28.0 

16.8 

1.67 

3.27 

Zero 

Reduced  chord2 

28.0 

12.7 

2.21 

2.47 

24 

Reduced  span 

23.5 

16.8 

1.39 

2.74 

16 

Reduced  span 

21  .0 

16.8 

1.25 

2.45 

25 

Reduced  span 

19.0 

16.8 

1.13 

2.22 

32 

*A11  stabilizers  were  developed  from  the  standard  stabilizer  which 
has  a  NACA  0012  cross  section  and  is  1.75  inches  thick. 

In  the  reduced-chord  configuration,  the  airfoil  cross  section  had 
a  blunt  trailing  edge  1.1  inches  thick. 


13;  A  spoiler  for  the  various  stabilizers  was  made  from  a  strip  of  angle  aluminum 
and  was  attached  by  end  clips  so  that  it  could  be  easily  removed  and  reinstalled 
with  no  structural  modification  to  the  basic  stabilizer.  The  spoiler  was  3/4  inch 
in  height  and  was  located  3/4  inch  aft  of  the  leading  edge  on  the  upper  surface. 
This  location  was  used  primarily  for  convenience,  and  no  attempts  were  made  to 
optimize  the  spoiler  height  or  location. 

14.  The  canopy  slat  was  added  to  the  original  TH-55A  helicopter  to  improve  the 
handling  qualities  characteristics.  It  is  located  about  5  inches  above  the  canopy 
bubble  directly  overhead  the  pilot.  It  has  an  airfoil  cross  section  with  a  chord 
of  5  inches  and  extends  over  the  full  width  of  the  canopy  in  span.  The  canopy 
slat  is  attached  on  both  sides  of  the  canopy  above  the  doors,  and  the  center  is 
supported  by  a  pylon.  The  canopy  slat  was  only  removed  from  the  standard 
stabilizer  configuration  during  a  portion  of  the  base-line  tests. 


SCOPE  OF  TEST 

Stabilizer  Development  (Phase  I) 

15.  The  horizontal  stabilizer  development  program  was  limited  to  relatively  simple 
modifications  to  the  standard  or  reduced-chord  stabilizers  of  the  type  that  could 
be  made  in  the  field  at  low  cost  to  the  Army.  For  this  reason  and  to  limit  the 
scope  of  the  program  to  provide  an  effective  interim  configuration,  no  investigation 
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of  the  effects  of  the  stabilizer's  dihedral  or  incidence  angle  was  conducted.  Standard 
dihedral  and  incidence  angles  were  determined  from  HTC  test  programs. 


16.  The  TH-55A  training  profile  at  the  United  States  Army  Primary  Helicopter 
School,  Fort  Wolters,  Texas,  requires  normal  climb,  cruise,  and  steady-state 
autorotational  flight  at  50  knots  indicated  airspeed  (KIAS).  Gimb-out  from 
confined  areas  requires  high-power  climbing  flight  below  50  KIAS  until  barriers 
have  been  cleared.  High-speed  cruise  (cross-country)  is  60  KIAS.  The  total  flight 
profile  is  within  500  feet  of  the  ground,  with  the  exception  of  the  two 
cross-country  flights  flown  by  the  students  in  primary  training.  This  profile  was 
the  basis  for  selection  of  the  airspeeds  for  the  stabilizer  development  program. 

1 7.  During  the  documentation  of  the  basic  aircraft  handling  qualities  (development 
of  base-line  data),  several  autorotational  entries  were  made  in  level  flight  within 
the  airspeed  range  of  hover  to  65  KIAS  at  rotor  speeds  of  483  rpm  (standard) 
and  450  rpm.  Tests  were  performed  at  the  forward  and  aft  center-of-gravity  (eg) 
locations  to  determine  eg  effects.  Full-power-climb  autorotational  entries  at 
483  rpm  were  performed  between  30  and  47  knots  calibrated  airspeed  (KCAS) 
to  determine  the  "worst-case"  autorotational  entry.  Entries  were  accomplished  with 
all  controls  fixed  and  were  terminated  at  the  maximum-allowable  delay  time.  The 
base-line  test  conditions  are  summarized  in  table  2.  Tests  with  the  canopy  slat 
removed  were  only  conducted  at  an  aft  eg. 

18.  The  effectiveness  of  each  new  configuration  was  determined  during  the 
configuration  development  portion  of  Phase  I.  To  economize  time  and  funds,  only 
the  38-  to  56-KCAS  range  was  used  to  check  changes  in  trim  shifts,  pitching  with 
sideslip,  and  longitudinal  stability  until  the  final  configuration  was  determined.  The 
autorotational  entry  and  other  handling  quality  characteristics  were  compared 
against  the  base-line  configurations  to  determine  the  effects  of  the  stabilizer  and 
canopy  slat  configuration  changes.  Approximately  33  hours  of  productive  flight 
test  time  at  Edwards  Air  Force  Base,  California,  was  required  for  Phase  I.  The 
tests  were  conducted  from  November  1970  to  June  1971. 
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Test 

.  1  ' 

Flight  Condition 

Calibrated 

Airspeed 

(kt) 

Control  positions 
in  trimmed 
forward  flight 

Climb 

30  to  56 

Level 

30  to  68 

Autorotation 

28  to  68 

Static 

Level 

32,  47,  and  61 

stability 

Autorotation 

32,  47,  and  61 

Collective-fixed 
static  longitudinal 
stability 

Level 

30,  37,  47,  56,  and  68 

Controllability 

Level 

47 

Maneuvering 

stability 

Level 

47  and  56 

Autorotatlonal 

Level 

Hover,  30,  37, 

47,  56,  and  61 

entries 

Climb 

34,  42,  and  50 

Standard  stabilizer. 

Rotor  speed:  483  and  450  rpm. 
Center  of  gravity:  aft  and  forward 
Density  altitude:  4000  feet. 

Gross  weight:  1620  pounds. 


Stabilizer  Qualification 


Likins 


19.  In  Phase  II,  emphasis  was  placed  on  handling  qualities  and  structural 
demonstration  tests.  The  stabilizer  qualification  handling  qualities  test  conditions 
arc  summarized  in  table  3.  The  handling  qualities  tests  were  conducted  in  the  most 
critical  aircraft  configuration,  and  the  structural  demonstrations  were  conducted 
at  the  most  critical  flight  conditions.  Approximately  10  hours  of  productive  flight 
test  time  in  the  area  of  Edwards  Air  Force  Base  were  required  to  achieve  the 
test  objectives.  The  tests  were  conducted  from  October  1971  to  May  1972 


METHODS  OF  TEST 
Stabilizer  Development  (Phase  I) 

20.  Established  engineering  stability  and  control  flight  test  techniques  were 
employed  during  the  conduct  of  the  handling  qualities  tests.  The  test  methods 
used  are  outlined  in  the  test  plan  (ref  6,  app  A).  The  trim  points  were  established 
using  a  tum-and-sideslip  indicator  which  placed  the  aircraft  in  conditions  normally 
experienced  by  service  pilots. 

21.  During  the  experimental  development  of  the  optimum  stabilizer,  each  new 
configuration  was  first  flown  through  the  handling  qualities  tests  and  then  through 
the  autorotational  entry  tests.  A  control  fixture  was  used  to  aid  in  holding  the 
cyclic  control  position  fixed  to  eliminate  any  control  feedback  input.  The  aircraft 
attitudes,  angular  rates,  and  pilot  comments  were  used  to  compare  each 
configuration  with  other  configurations  and  with  the  base-line  data.  A 
forward-looking  cockpit  camera  was  also  used  to  obtain  pictures  for  a  visual 
comparison  of  the  motion  of  the  aircraft.  The  data  analysis  following  each  flight 
was  used  to  determine  the  configuration  of  the  next  stabilizer  modification  and 
to  compare  the  handling  qualities  with  previous  configurations.  This  procedure  was 
followed  until  the  optimum  configuration  was  determined. 

Stabilizer  Qualification  (Phage  II) 

22.  The  qualification  tests  were  conducted  using  the  methods  discussed  in  the 
test  request  (ref  4,  app  A).  In  the  handling  qualities  tests,  the  aircraft  was  trimmed 
at  near-zero  sideslip  instead  of  with  the  sideslip  ball  centered.  When  applicable, 
the  test  methods  required  for  MIL-H-8501A  (ref  7)  compliance  were  employed. 

23.  Special  ground  and  flight  tests  were  conducted  to  determine  the  natural 
frequency  and  vibration  characteristics  and  critical  flight  loads  of  both  the  standard 
and  final  reduced-span  horizontal  stabilizers. 
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CHRONOLOGY 


Stabilizer  Development  (Phase  I) 

24.  The  chronology  of  events  in  the  stabilizer  investigation  program  :s  as  follows: 


Test  directive  received 

31 

July 

1970 

Test  plan  approved 

17 

September 

1970 

Test  helicopter  received 

8 

October 

1970 

Test  plan  expanded 

20 

October 

1970 

Instrumentation  completed 

9 

November 

1970 

First  test  flight 

16 

November 

1970 

Proposal  submitted  for  experimental  tests 
Safety-of-flight  release  for  configuration 

23 

March 

1971 

development 

16 

April 

1971 

Reduced-chord  testing  completed 

11 

May 

1971 

Configuration  testing  completed 

28 

June 

1971 

Letter  report  completed 

1 

August 

1971 

Stabilizer  Qualification  (Phage  II) 

25.  The  chronology  of  the  stabilizer  substantiation/qualification  program  is  as 
follows: 


Test  directive  received 

10 

August 

1971 

Instrumentation  and  recalibration  completed 

28 

October 

1971 

Initiated  qualification  tests 

17 

November 

1971 

Flight  testing  completed 

26 

May 

1972 
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RESULTS  AND  DISCUSSION 


STABILIZER  INVESTIGATION  (PHASE  I) 


General 

26.  Base-line  data  for  the  standard  TH-55A  configuration  wer:-  obtained  from 
handling  qualities  and  autorotational  entry  flight  tests  before  the  modified 
horizontal  stabilizer  configurations  were  tested.  The  HTC  reduced-chord 
configuration  was  then  installed  and  tested.  When  little  improvement  was  noted 
in  the  autorotational  entry  characteristics,  the  experimental  development  tests  were 
initiated.  Following  each  configuration  change,  the  data  were  investigated  both 
quantitatively  and  qualitatively  for  an  improvement.  No  improvement  resulted  in 
discontinuance  of  further  resting  with  the  particular  configuration,  and  an 
investigation  was  conducted  to  determine  a  more  promising  modification.  This 
procedure  culminated  with  a  configuration  that  reduced  the  undesirable  aircraft 
pitch  response  during  autorotational  entries  and  provided  information  to  define 
the  cause  of  the  excessive  motions. 

27.  The  only  reduced-chord  configuration  tested  was  provided  by  HTC.  Although 
this  configuration  provided  a  significant  improvement  in  the  static  flying  qualities 
(the  static  trim  shift  required  to  go  from  maximum-power  climb  to  steady 
autorotation  at  a  given  airspeed  was  reduced  by  more  than  1  inch),  the  pitch  and 
roll  during  autorotational  entry  was  only  slightly  reduced.  Therefore,  the  primary 
objective  of  adequately  improving  the  autorotational  entry  was  not  achieved  by 
this  configuration. 

28.  The  effect  of  the  uppcr-leading-cdge  spoiler  on  the  autorotational  entry 
characteristics  was  insignificant  on  the  standard  and  reduced-chord  stabilizers. 
However,  a  significant  improvement  in  the  longitudinal  Cyclic  trim  shift  required 
to  change  from  full-power  climbs  to  autorotation  at  a  given  airspeed  was  noted. 
The  low-speed  flying  qualities  were  also  improved,  including  a  reduction  of  a 
divergent  3-axis  oscillation  encountered  in  crosswind  hover  conditions.  The 
uppcr-leading-cdge  spoiler  was  incorporated  on  all  of  the  reduced-span 
configurations. 

29.  The  lower-lead  in  g-edge  spoilers  were  used  to  simulate  the  effect  of  cutting 
the  stabilizer  spanwisc.  A  qualitative  investigation  was  conducted  where  the  lower 
spoiler  length  was  increased  3  inches  between  each  test  flight  on  the  standard 
stabilizer  with  the  full-span  upper  spoiler.  The  results  were  that  the  3-  to  6-inch 
spoiler  provided  a  modest  improvement  while  the  9-inch  spoiler  provided  a 
significant  improvement  in  the  autorotational  entry  characteristics.  A  12-inch  spoiler 
did  not  show  any  further  improvement. 

30.  A  small  end  plate  was  attached  to  the  spar  cap  on  several  of  the  configurations 
to  spoil  any  flow  over  the  end  of  the  stabilizer  during  sideslip.  The  end  plate 
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tended  to  reduce  the  initial  aircraft  motions  following  a  sudden  power  reduction. 
However,  the  aircraft  reactions  between  1  or  2  seconds  after  power  reduction  were 
more  abrupt.  Since  the  data  showed  that  at  the  time  of  recovery  the  contribution 
of  the  end  plate  was  insignificant,  the  end  plate  was  dropped  from  consideration. 

31.  Recognizing  that  reducing  the  span  would  be  more  effective  than  the  lower 
surface  spoilers,  the  first  cut  was  made  4.5  inches  from  the  outboard  end.  This 
resulted  in  a  small  improvement  in  aircraft  motions  during  autorotational  entries. 
With  7  inches  removed,  there  was  more  improvement  in  the  entry  motions,  but 
the  aircraft  dynamic  stability  was  slightly  reduced.  A  9-inch  span  reduction  was 
then  tested,  and  only  a  minor  improvement  in  the  entry  characteristics  was  attained 
over  the  7-inch  reduction,  while  the  dynamic  stability  was  further  degraded.  On 
the  basis  of  the  experimental  development  effort,  the  21 -inch  span  stabilizer  (7-inch 
cut)  with  a  full-span  upper-leading-edge  spoiler  was  determined  to  be  the  optimum 
stabilizer  configuration  for  the  Army's  training  mission.  Although  this  configuration 
could  be  less  desirable  for  cross-country  flying  due  to  its  reduced  dynamic  stability 
characteristics,  it  was  selected  because  the  primary  test  objective  of  improving  the 
nose-down  pitching  during  autorotational  entry  was  achieved. 


HANDLING  QUALITIES 

32.  The  TH-55A  was  tested  for  the  basic  stability  and  control  characteristics  that 
were  expected  to  be  significantly  influenced  by  the  horizontal  stabilizer 
configuration.  The  results  for  the  21-inch-span  and  the  HTC  reduced-chord  stabilizer 
configurations  are  compared  with  the  base-line  standard  stabilizer  configuration. 
The  results  indicate  where  the  modified  stabilizers  either  improved  or  degraded 
the  base-line  data. 

Control  System  Characteristics 

33.  The  flight  controls  of  the  TH-55A  are  a  cyclic  stick,  a  collective  stick, 
directional  pedals,  and  a  twist  grip  throttle.  The  control  systems  are  not  boosted. 
The  cyclic  stick  is  equipped  with  a  spring-loaded  device  for  trimming  forces  during 
flight.  It  is  actuated  by  an  electrical  servo  that  is  engaged  by  a  thumb  switch 
on  the  cyclic  grip.  A  friction  lock  is  incorporated  on  the  collective  stick  to  hold 
the  stick  in  any  desired  position.  Throttle  control  is  accomplished  by  a  twist  grip 
on  the  collective  stick.  The  pedals  are  equipped  with  a  spring  bungee  to  trim  out 
steady  pedal  forces.  The  pedals  can  be  positioned  on  the  pedal  shafts  to 
accommodate  individual  pilots.  Full  travel  of  the  longitudinal  cyclic,  lateral  cyclic, 
collective  stick,  and  pedal  controls  was  13,  1 1.5,  10.2,  and  8.5  inches,  respectively. 

34.  The  TH-55A  cyclic  control  position  data  were  significantly  affected  by  the 
control  linkage  rigging.  For  this  reason,  the  cyclic  control  position  data  in  this 
report  may  differ  from  other  sources  because  there  is  a  range  of  allowable  blade 
angles  for  any  particular  stick  position.  The  gradients  of  the  data  presented  were 
unaffected,  although  the  control  margins  were  affected.  Within  the  allowable  blade 
movement  range,  the  longitudinal  and  lateral  cyclic  stick  can  have  a  maximum 


variation  of  1.5  and  l.l  inches,  respectively.  Rigging  the  controls  to  provide  the 
maximum  aft  stick  movement  would  be  desirable  for  recovery  following  the 
autorotational  entries.  The  TH-55A  cyclic  rigging  specifications  are  provided  in  the 
FAA  Type  Certificate  Data  Sheet  (ref  5,  app  A)  and  have  been  partially  reproduced 
in  table  4.  The  blade  movement  was  calculated  by  the  difference  of  the  blade 
angle  at  neutral  cyclic  stick  position  and  the  blade  angle  at  full-throw  position. 
The  cyclic  rigging  used  on  the  test  aircraft  is  shown  in  table  5.  The  individual 
blades,  identified  as  red,  blue,  and  yellow,  had  slightly  different  settings  after  rotor 
tracking  because  of  differences  in  twist  or  condition  of  the  blades.  The  control 
system  characteristics  were  unchanged  by  the  horizontal  stabilizer  configuration, 
and  the  control  rigging  in  table  5  was  maintained  throughout  all  of  the  test 
program. 


Table  4.  Cyclic  Control  Rigging  Specification.1 


Cyclic  Control 
Displacement 

From  Neutral 

Allowable 

Blade  Movement2 
(deg) 

Blade 

Azimuth  Position 
(deg) 

Full  forward 

7.5  to  9.4 

90 

Full  aft 

6.0  to  7.5 

90 

Full  left 

6.5  to  7.5 

180 

Full  right 

5.3  to  6.3 

180 

JFAA  Type  Certificate  Data  Sheet  No.  4H12. 
Collective  in  full-down  position. 


Table  5.  Cyclic  Control  Rigging  During  Test. 


Cyclic  Control 

Blade  Movement1 
(deg) 

Red 

Blue 

Yellow 

Full  forward 

8.8 

9.1 

9.1 

Full  aft 

B 

6.5 

6.5 

Full  left 

6.5 

6.6 

6.6 

Full  right 

5.2 

5.2 

5.2 

Collective  in  full-down  position. 


Controllability 


35.  The  controllability  characteristics  in  forward  flight  were  determined  by 
measuring  the  control  power,  sensitivity,  and  response.  The  control  power  is  defined 
as  the  maximum  aircraft  attitude  displacement  attained  in  a  specified  time  interval 
following  a  control  step  input.  Control  sensitivity  is  defined  as  the  maximum  angular 
acceleration  attained  per  inch  of  control  step  input,  and  control  response  is  defined 
as  the  maximum  angular  rate  attained  per  inch  of  a  control  step  input.  The 
controllability  characteristics  were  determined  for  the  standard  stabilizer 
configuration  at  maximum  gross  weight  at  both  forward  and  aft  eg  locations.  The 
modified-stabilizer  or  canopy-slat-removed  configurations  were  not  tested  because 
they  were  not  expected  to  significantly  affect  the  controllability.  Tests  were 
conducted  at  a  47-KCAS  cruise  speed  in  level  forward  flight  at  an  average  density 
altitude  of  4000  feet  by  introducing  various-sized  longitudinal,  lateral,  and 
directional  control  step  inputs.  The  test  results  are  shown  in  figures  1  through  3, 
appendix  D.  A  summary  of  the  forward  eg  data  is  shown  in  table  6. 


Table  6.  Controllability  in  Level  Forward  Flight.1 


Control  Applied 

Control 
Power  2 
(deg/in.) 

Control 
Response 
(deg/sec/in. ) 

Control 
Sensitivity 
(deg/sec^/in. ) 

Longitudinal 

2.0 

9.5 

16.0 

Lateral 

2.0 

23.0 

31.0 

Directional  (right) 

5.0 

20.0 

42.0 

Directional  (left) 

5.0 

13.0 

24.0 

’Average  flight  conditions: 

Entry  airspeed:  47  KCAS. 

Center-of-gravity  location:  FS  96.0  (fwd). 

Gross  weight:  1670  pounds. 

2Control  power  determined  at  1  second  for  longitudinal  and 
directional  control  inputs  and  at  1/2  second  f^r  lateral  control 
inputs. 


36.  The  longitudinal  controllability  and  control  power  characteristics  were 
generally  satisfactory  for  the  conditions  tested.  The  response  and  sensitivity  to 
forward  and  aft  step  inputs  were  linear  and  nearly  identical.  The  maximum 
acceleration  occurred  within  0.75  second,  and  the  maximum  rate  occurred  within 
1.5  seconds  following  the  control  step  input. 

37.  The  lateral  controllability  and  control  power  characteristics  were  generally 
satisfactory.  The  sensitivity  and  response  to  both  left  and  right  step  inputs  were 
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nearly  linear  and  identical.  The  maximum  acceleration  occurred  within  0.75  second, 
and  the  maximum  rate  generally  occurred  within  1.5  seconds  after  the  control 
step  input. 

38.  The  overall  directional  controllability  and  control  power  characteristics  were 
also  satisfactory.  The  response  was  dependent  on  both  the  step  input  direction 
and  eg  location.  For  right  pedal  step  inputs,  the  response  was  linear  and  slightly 
reduced  at  the  forward  eg  location.  With  left  pedal  step  inputs,  the  sensitivity 
and  response  were  slightly  reduced  from  the  right  pedal  input  at  the  aft  eg  location, 
and  were  significantly  reduced  at  forward  eg  locations.  The  maximum  acceleration 
usually  occurred  within  1.0  second,  and  the  maximum  rate  occurred  within 
1.5  seconds  after  the  control  step  input. 

Hover  and  Low-Speed  Flight 

t 

39.  The  TH-55A  was  qualitatively  tested  in  hovering  flight  with  wind  conditions 
of  20  knots  or  greater.  The  test  was  conducted  at  maximum  gross  weight  and 
forward  eg  and  at  an  average  skid  height  of  8  feet.  The  aircraft  was  aligned  with 
the  relative  wind  and  slowly  yawed  360  degrees  about  a  point.  When  the  standard 
and  reduced-chord  stabilizers  were  installed,  a  3-axis  oscillatory  instability  was 
present  at  relative  wind  angles  near  82  and  225  degrees  from  the  nose.  The  aircraft 
began  to  oscillate  about  the  yaw,  roll,  and  pitch  axes  and  rapidly  diverged  until 
the  relative  wind  angle  was  changed  by  directional  control  application.  The  pilot 
could  not  maintain  the  aircraft  at  these  critical  azimuth  angles  for  more  than  a 
short  time  (3  or  4  seconds)  with  maximum  pilot  effort  to  do  so. 

40.  Installation  of  the  full-span  upper-leading-edge  spoiler  to  either  the  standard 
or  reduced-chord  stabilizer  resulted  in  a  significant  reduction  of  this  dynamic 
instability.  Oscillations  still  occurred  at  the  critical  relative  wind  angles,  but  they 
were  controllable  by  the  pilot  while  maintaining  the  critical  angles.  The 
reduced-span  stabilizer  configurations  further  reduced  this  hovering  instability 
characteristic.  The  final  reduced-span  stabilizer  was  a  considerable  improvement 
over  the  standard  configuration  while  hovering  in  winds. 

Control  Positions  in  Trimmed  Forward  Flight 

41.  Control  trim  characteristics  were  evaluated  by  trimming  the  helicopter  in 
steady-heading,  coordinated,  forward  flight  conditions  listed  in  table  2.  The  tests 
were  flown  at  a  pressure  altitude  of  4000  feet,  maximum  gross  weight,  and  at 
both  forward  and  aft  eg  locations.  Figures  4  through  8,  appendix  D,  present  the 
basic  control  position  data  for  the  standard  and  reduced-chord  stabilizer,  and 
figures  33  through  34  present  the  data  for  the  final  reduced-span  stabilizer.  A 
comparison  of  the  longitudinal  cyclic  trim  position  with  forward  flight  speed  for 
the  principle  stabilizer  configurations  is  shown  in  figure  A.  In  level  flight,  the 
control  position  requirements  were  similar  for  all  three  stabilizers.  Above  35  KCAS, 
forward  control  displacement  was  required  for  increased  airspeed.  Essentially  no 
change  in  control  position  was  required  in  the  low-speed  range  between 
20  and  30  KCAS  on  the  final  stabilizer.  The  standard  configuration  was  not  tested 
in  this  regime. 
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LONGITUDINAL  CYCLIC 
TRIM  POSITION  -  INCHES 


AVG  DENSITY 

AVG  GROSS 

STABILIZER 

ALTITUDE 

WEIGHT 

SYMBOL  CONFIGURATION 

(FEET) 

(POUNDS) 

AVG  CG 
LOCATION 
(INCHES) 


STANDARD 

4100 

REDUCED  CHORD 

4400 

FINAL  REDUCED 

SPAN 

4100 

1670  95.2  (FWD) 

1640  95.7  (FWD) 

1670  95.2  (FWD) 


Figure  A.  Comparison  of  the  Longitudinal  Cyclic  Trim  Control  Positions 

in  Forward  Flight. 


42.  The  control  position  requirements  during  climb  and  autorotation  were  similar 
to  those  obtained  during  level  flight  testing.  However,  the  maximum  longitudinal 
control  trim  change  with  power  was  found  to  be  greatly  reduced  by  both  the 
reduced-chord  and  final  reduced-span  stabilizer.  The  maximum  longitudinal  cyclic 
trim  position  shift  required  to  go  from  a  maximum-power  climb  to  full  autorotation 
exceeded  the  M1L-H-8501A  limit  of  3  inches  with  the  standard  configuration  at 
both  forward  and  aft  eg  locations.  Figures  9  and  10,  appendix  D,  show  a  summary 
of  the  maximum  aft  trim  shift  required  in  the  standard,  reduced-chord,  and  final 
reduced-span  configuration.  Both  the  reduced-span  and  reduced-chord 
configurations  reduced  the  trim  shift  to  within  the  required  3-inch  limit  at  all 
eg  locations.  Removal  of  the  canopy  slat  did  not  significantly  affect  the  trim 
characteristics,  except  that  the  maximum  longitudinal  trim  shift  was  slightly 
increased. 

43.  For  the  standard  stabilizer  in  autorotation,  an  average  of  0.72-inch  forward 
longitudinal  cyclic  control  was  required  per  inch  of  aft  eg  travel.  In  climb,  the 
variation  was  0.6  inch  of  forward  cyclic  per  inch  of  aft  eg  travel.  This  difference 
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in  slope  caused  the  curves  to  converge,  and  thus  the  longitudinal  cyclic  trim  shift 
was  lower  at  the  aft  eg.  This  trend  was  generally  true  for  all  stabilizer  configurations 
tested. 

44.  In  forward  flight,  all  the  stabilizer  configurations  tested  provided  adequate 
control  margins  for  the  flight  envelope  contained  in  the  1967  Hughes  Model  269A 
owner's  manual  (ref  8,  app  A). 

45.  Although  the  "nose  tuck"  problem  occurred  during  a  dynamic  flight  condition, 
one  reason  for  its  existence  was  evident  in  the  static  data.  Figure  A  shows  the 
longitudinal  cyclic  stick  trim  position  in  steady  forward  flight  conditions,  and  the 
corresponding  fiapwise  bending  moment  is  shown  in  figure  K  (para  115).  As  the 
helicopter  goes  from  a  steady  climb  or  level  flight  condition  to  a  steady 
autorotation,  aft  stick  is  required,  indicating  that  a  nose-down  moment  was 
generated.  As  shown  by  the  bending  moment,  the  stabilizer  loads  shifted  from 
a  downward  to  an  upward  direction  and  provided  a  substantial  part  of  the 
nose-down  moment  that  occurs  during  autorotational  entries.  The  reduction  of  this 
moment  change  by  the  final  stabilizer  significantly  reduced  the  control  movement 
required  for  recovery  during  an  autorotational  entry. 

Collective-Fixed  Static  Longitudinal  Stability 

46.  The  colicctivc-fixcd  static  longitudinal  stability  characteristics  were  evaluated 
in  level  flight  at  the  airspeeds  listed  in  table  2.  Tests  were  conducted  at  the 
maximum  gross  weight  and  both  forward  and  aft  eg  locations  at  an  average  density 
altitude  of  4500  feet.  The  static  longitudinal  stability  was  evaluated  by  first 
trimming  the  aircraft  at  the  desired  trim  speed.  Then,  while  holding  collective  fixed, 
the  helicopter  was  displaced  from  the  trim  speed  and  again  stabilized  at  incremental 
speeds  greater  and  less  than  the  trim  speed.  Data  recorded  at  each  stabilized  airspeed 
are  presented  in  figures  11  through  15,  appendix  D.  In  general,  the  static 
longitudinal  stability,  as  indicated  by  the  variation  of  control  position  with  airspeed, 
was  weak  but  stable  and  nearly  linear  about  the  trim  points  for  all  configurations 
tested.  The  longitudinal  stability  was  generally  weakest  at  low  speeds  and  improved 
with  increasing  airspeed. 

47.  A  summary  of  the  control  position  gradient  with  airspeed  is  shown  in 
figure  16,  appendix  D,  for  the  standard,  reduced-chord,  and  final  reduced-span 
stabilizer  configurations.  The  control  position  gradients  for  forward  eg  locations 
were  generally  stronger  than  those  for  the  aft  eg  locations.  The  longitudinal  static 
stability  with  the  reduced-chord  stabilizer  was  generally  weaker  than  t!.*  standard 
configuration.  The  longitudinal  stability  of  the  final  reduced-span  stabilizer  was 
less  at  airspeeds  below  40  KCAS,  but  was  better  than  the  standard  configuration 
at  higher  speeds.  Basically,  the  stabilizer  configurations  tested  had  only  minor 
effects  on  the  static  longitudinal  stability,  but  the  final  reduced-span  configuration 
provided  some  improvement  at  cruising  and  higher  flight  speeds. 

48.  Figure  16,  appendix  D,  also  shows  that  the  static  longitudinal  stability  of 
the  standard  TH-55A  with  the  canopy  slat  removed  was  essentially  neutral  at  the 
aft  eg.  This  characteristic  is  undesirable,  but  the  aircraft  was  controllable  in  this 
configuration  and  can  be  safely  flown. 

ts 


Static  l^tcral-Directional  Stability 


49.  The  static  lateral-directional  stability  characteristics  were  measured  by 

recording  data  during  stabilized  flight  at  various  sideslip  angles  while  maintaining 
a  constant  heading  at  selected  trim  airspeeds  in  level  flight.  The  lests  were  conducted 
at  maximum  gross  weight,  an  average  density  altitude  of  4000  feet,  and  at  both 
forward  and  >  *  locations.  The  detailed  test  results  for  the  standard  and 

reduced-chord  stuumzers  are  presented  in  figures  17  through  21,  appendix  D.  The 
test  results  for  the  final  reduced-span  configuration  are  presented  in  figures  38 
and  39. 

50.  For  all  stabilizer  configurations  tested,  the  static  directional  stability  was 
determined  to  be  positive  (increasing  left  pedal  required  for  increasing  right  sideslip, 
and  vice  versa).  The  pedal  gradient  was  slightly  stronger  as  airspeed  was  increased. 
Only  minor  variations  resulted  from  eg  location  or  rotor  speed  changes. 

51.  The  longitudinal  cyclic  trim  changes  with  sideslip  provided  an  indication  of 
the  pitching  moment  generated  by  sideslip.  As  right  sideslip  was  increased,  more 
aft  stick  was  required,  which  indicated  that  a  nose-down  pitching  moment  was 
generated.  Figure  B  is  a  comparison  of  the  longitudinal  control  requirements 
associated  with  the  standard,  reduced-chord,  and  final  reduced-span  configurations. 
To  provide  a  direct  comparison,  the  longitudinal  control  is  presented  in  terms  of 
the  trim  shift  from  zero  sideslip.  The  reduced-span  configuration  reduced  the  aft 
stick  requirement  for  a  given  increase  in  right  sideslip.  The  reduced-chord 
configuration  is  also  shown  to  have  provided  some  improvement  between 
20  and  30  degrees  of  right  sideslip,  but  then  required  more  aft  stick  than  the 
standard  configuration  at  higher  angles.  The  canopy  slat  did  not  appear  to  have 
any  effect  on  this  characteristic. 
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CALIBRATED 

AVG  GROSS 

AVG  CG 

STABILIZER 

AIRSPEED 

WEIGHT 

LOCATION 

SYMBOL 

CONFIGURATION 

(KNOTS) 

(POUNDS) 

(INCHES) 

STANDARD 

4’ 

1680 

96.3 

— 

REDUCED  CHORD 

47 

1690 

96.2 

— 

FINAL  REDUCED  SPAN 

47 

1670 

95.2 

Figure  R.  Comparison  of  Longitudinal  Characteristics  in  Steady  Sideslip. 


52.  Dihedral  effect,  as  indicated  by  the  variation  of  lateral  contiol  position  with 
sideslip,  is  compared  for  the  three  primary  stabilizers  in  figure  C.  The  TH-55A 
has  a  strong  positive  dihedral  effect.  This  effect  grew  stronger  with  increasing 
airspeed  and  varied  slightly  with  eg  location,  rotor  speed,  and  stabilizer 
configuration.  The  variation  of  the  dihedral  effect  due  to  the  stabilizer  configuration 
is  shown  to  be  insignificant.  The  canopy  slat  had  no  effect  on  the  dihedral 
characteristics. 
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Figure  C.  Comparison  of  Dihedral  Effect. 


53.  The  side-force  characteristics,  as  indicated  by  the  variation  of  bank  angle  with 
steady-heading  sideslip,  were  basically  positive  for  all  stabilizer  configurations  tested. 
However,  the  gradient  (d  grec-of-bank/degree-of-sideslip)  was  very  weak  and 
sometimes  became  neutral  at  high  sideslip  angles.  For  the  standard  stabilizer,  the 
gradient  varied  from  0.1  at  35  KCAS  to  0.3  at  61  KCAS.  The  variation  with  eg 
location  appeared  to  be  insignificant.  Only  minor  variations  were  generated  by  the 
stabilizer  modification,  although  the  reduced-chord  configuration  appeared  to  have 
the  weakest  gradient  for  conditions  tested.  Due  to  the  weak  side-force 
characteristics,  sideslip  was  found  to  be  difficult  to  detect  in  flight.  Trim  conditions 
established  with  the  aid  of  a  tum-and-bank  indicator  which  was  added  for  these 
tests  sometimes  produced  very  high  inherent  sideslip  angles.  This  was  particularly 
noticeable  in  climbs.  An  investigation  revealed  that  the  sideslip  angle  could  vary 
as  much  as  10  degrees  at  47  KCAS  with  the  ball  essentially  remaining  centered 
due  to  the  weak  side-force  characteristic.  The  effect  of  initial  sideslip  on  the  airctaft 
response  during  autorotational  entry  was  discussed  in  paragraph  51. 


54.  The  pedal  position  required  for  zero  sideslip  was  found  to  be  approximately 
constant  with  airspeed  during  climb,  level  flight,  or  autorotation.  Thus,  it  was 
possible  to  construct  a  simple  pedal  position  indicator  that  was  calibrated  to  the 
correct  position  for  zero  sideslip  in  47-KCAS  level  flight.  The  indicator  was 
sufficiently  accurate  at  all  other  airspeeds  above  translation  speed.  Similarly,  a 
position  was  marked  for  climb  and  autorotation.  These  positions  were  color-coded: 
red  for  climb,  yellow  for  level  flight,  and  green  for  autorotation.  This  indicator 
prevented  flying  with  sideslip  and  minimized  the  pitching  moment  generated  during 
autorotational  entry.  In  addition  to  improving  safety,  the  indicator  may  be  used 
as  a  training  aid  in  demonstrating  sideslip  effect. 

55.  The  most  convenient  mounting  location  for  the  pedal  position  indicator  was 
on  the  pedal  control  shaft  for  the  right  seat.  In  this  location,  the  reading  can 
easily  be  seen  from  both  seats  and  is  not  affected  by  the  pedal  adjustment.  A 
photograph  of  the  indicator  installed  in  the  test  aircraft  is  shown  in  figure  D. 
The  pedal  indicator  was  found  to  be  both  more  accurate  and  reliable  than  yaw 
strings  (which  were  tested  at  many  locations  on  the  helicopter  canopy)  for 
determining  near-zero  sideslip  in  all  flight  conditions.  However,  the  pedal  indicator 
is  not  accurate  for  airspeeds  below  20  KCAS. 
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Dynamic  Longitudinal  Stability 

56.  Short-period  dynamic  longitudinal  stability  characteristics  were  evaluated  at 
47  KCAS  in  level  forward  flight  and  an  average  density  altitude  of  4500  feet. 
Tests  were  conducted  at  maximum  gross  weight  with  both  forward  and  aft  eg 
locations.  The  dynamic  stability  was  determined  from  the  response  of  the  aircraft 
following  a  gust  disturbance  which  was  simulated  by  applying  a  1/2-  to  1-inch 
longitudinal  control  pulse  of  1 /2-second  duration.  Following  the  pulse,  the  control 
was  held  fixed  until  the  aircrift  oscillations  were  damped  or  pilot  corrective  action 
was  required.  The  aircraft  motions  following  the  control  inputs  were  analyzed  by 
determining  the  period  and  damping  ratio  using  methods  discussed  in  Cornell 
Aeronautical  Laboratory  Report  No.  177  (ref  9,  app  A).  The  long-period  dynamic 
stability  characteristics  were  not  determined. 

57.  A  comparison  of  dynamic  longitudinal  stability  characteristics  for  the  standard, 
reduced-chord,  and  final  reduced-span  configurations  is  shown  in  table  7.  With  the 
standard  stabilizer,  the  longitudinal  oscillation  was  usually  highly  damped  and  had 
an  average  period  of  oscillation  of  3.4  seconds.  The  damping  was  greatest  at  the 
forward  eg  and  decreased  with  aft  eg  movement.  The  response  of  the  reduced-chord 
configuration  was  similar  to  the  standard  configuration,  while  some  degradation 
was  observed  with  the  final  reduced-span  configuration.  At  the  aft  eg  location  and 
at  airspeeds  below  56  KCAS,  the  lateral-directional  mode  was  also  excited  by  the 
longitudinal  pulse  and  was  undamped  with  the  final  reduced-chord  configuration. 


Table  7.  Comparison  of  Dynamic  Longitudinal 
Stability  Characteristics  in  Level  Flight.1 


Stabilizer 

Configuration 

Period  of 
Oscillation 
(sec) 

Damping  Characteristics 

Center-of- 

Gravity 

Location 

(in.) 

Ratio 

Description 

Standard 

3.0 

0.32 

Moderate 

96.0  (fwd ) 

Reduced  chord 

3.0 

0.50 

Strong 

96.0  (fwd) 

Reduced  span 

3.4 

0.34 

Moderate 

95.2  (fwd) 

Standard 

3.0 

0.26 

Moderate 

99.0  (aft) 

Reduced  chord 

2.8 

0.39 

Moderate 

99.0  (aft) 

Reduced  span 

3.4 

0.28 

Moderate 

99.2  (aft) 

flight  conditions: 

Rotor  speed:  483  rpm. 

Airspeed :  4  KCAS . 

Average  gross  weight:  1650  pounds. 
Average  density  altitude:  4400  feet. 
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58.  When  the  standard  stabilizer  configuration  was  tested  with  the  canopy  slat 
removed,  the  longitudinal  damping  was  neutral  for  the  aft  eg  location.  The  period 
of  the  undamped  oscillation  remained  about  3.4  seconds,  which  was  controllable, 
and  recovery  was  easily  accomplished. 

Dynamic  Lateral-Directional  Stability 

59.  Short-period  dynamic  lateral-directional  stability  tests  were  conducted  similarly 
to  the  longitudinal  dynamic  stability  tests,  except  that  lateral  and  directional  pulses 
were  applied.  The  test  conditions  were  identical  to  the  longitudinal  test  conditions. 
The  lateral-directional  dynamic  stability  characteristics  are  summarized  in  table  8. 
The  aircraft  response  to  either  lateral  or  directional  pulses  was  oscillatory  about 
all  three  axes.  The  predominant  oscillation  was  yaw,  which  was  coupled  with  both 
roll  and  pitch.  Due  to  the  unsymmetrical  static  lateral-directional  characteristics, 
the  response  was  most  severe  when  left  pedal  pulses  were  applied. 

60.  The  oscillations  were  lightly  damped  at  all  conditions  tested  with  the  standard 
stabilizer  installed.  The  period  of  oscillation  ranged  from  3.2  to  3.4  seconds.  The 
damping  was  weakest  at  aft  eg  conditions.  The  lateral-directional  stability 
characteristics  were  not  significantly  changed  by  the  reduced-chord  stabilizer 
configuration.  With  the  final  reduced-span  stabilizer  installed,  the  period  of  the 
oscillation  was  unchanged  but  the  damping  was  noticeably  reduced.  In  level  flight 
below  56  KCAS,  the  damping  became  neutral  when  the  eg  was  aft  of  fuselage 
station  (FS)  98.0  and  became  slightly  negative  at  the  furthest  aft  eg  location. 
Although  the  neutral  and  negative  short-period  damping  is  undesirable,  the  nature 
of  the  oscillatory  motion  was  improved,  in  that  less  pitch  was  generated  by  the 
yaw.  The  motion  could  be  easily  stopped  or  controlled  by  the  pilot.  When  the 
canopy  slat  was  removed  from  the  standard  configuration,  the  aircraft  response 
was  similar  to  the  final  reduced-chord  configuration  for  the  aft  eg  location. 

Maneuvering  Stability 

61.  During  the  stabilizer  development,  maneuvering  stability  was  qualitatively 
determined  by  making  windup  turns  from  47-KCAS  level  forward*  flight  conditions. 
As  the  normal  load  factor  increased,  forward  longitudinal  stick  force  was  required 
to  maintain  airspeed,  which  is  considered  to  be  negative  maneuvering  stability.  The 
push  force  was  highest  at  the  aft  eg  location.  This  characteristic  is  the  primary 
reason  that  control  feedback  during  autorotational  entries  opposed  the  aircraft 
motion.  The  importance  of  this  control  force  on  the  feedback  autorotational  ct'try 
characteristics  will  be  further  discussed  in  paragraph  62.  Qualitatively,  the  stabilizer 
or  canopy-slat-removcd  configurations  did  not  significantly  affect  the  maneuvering 
stability  characteristics. 
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Airspeed :  47  KCAS . 

Average  density  altitude:  4400  feet 
Average  gross  weight:  1650  pounds. 


Autorotational  Entry  Characteristics 

62.  Prior  to  initiating  the  autorotational  entries,  the  aircraft  was  stabilized  in 
unaccelerated,  level,  ball-centered  flight  with  the  controls  fixed.  A  fixture  was  used 
to  hold  the  cyclic  control  fixed,  while  the  collective  control  was  held  fixed  with 
the  standard  friction  device.  The  pedals  were  manually  held  fixed  by  the  pilot. 
This  procedure  removed  feedback  from  the  control  loop  and  ensured  that  the  pilot 
and  control  entry  response  was  purely  the  result  of  aircraft  characteristics.  The 
cyclic  control  feedback  during  a  stick-free  entry  was  corrective,  in  that  the 
longitudinal  stick  moved  aft  and  the  lateral  stick  moved  to  the  right.  Even  when 
the  pilot  manually  tried  to  prevent  the  cyclic  stick  from  moving,  the  aircraft 
motions  were  reduced  from  the  stick-fixed  entries.  If  the  pilot  deliberately  input 
incorrect  control  movement  (/<?,  forward  or  left  cyclic  control,  or  left  pedal  to 
simulate  a  student  error),  the  aircraft  rolling  and  pitching  motions  were  considerably 
worse. 

63.  The  base-line  data  for  the  standard  stabilizer  were  observed  at  maximum  gross 
weight  and  both  forward  and  aft  eg  locations.  Entries  were  made  from  level  flight 
at  rotor  speeds  of  both  450  and  483  rpm  and  indicated  airspeeds  of  40,  50,  60, 
and  65  knots.  Entries  were  also  made  from  maximum-power  climbs  at  a  rotor 
speed  of  483  rpm  and  indicated  entry  airspeeds  of  30,  35,  40,  and  50  knots. 
Time  histories  of  the  critical  parameters  measured  during  the  entries  for  the  standard 
and  reduced-span  stabilizers  are  shown  in  figures  22  through  27,  appendix  D.  The 
reduced-chord  stabilizer  data  were  nearly  identical  to  the  standard  stabilizer  data 
and  were  omitted  to  simplify  the  figures.  A  direct  comparison  of  the  stabilizer 
configuration  effects  on  the  aircraft  response  can  only  be  made  when  the  entry 
airspeed,  flight  condition,  rotor  speed,  and  sideslip  angle  are  identical.  Although 
the  data  for  the  standard  and  final  stabilizer  configurations  are  presented  at  similar 
airspeeds  and  flight  conditions,  a  variation  of  sideslip  or  rotor  speed  was  often 
obtained.  A  higher  right  sideslip  or  lower  rotor  speed  (higher  torque)  increases 
the  helicopter  response.  For  example,  in  figure  22,  the  entry  was  made  at  lower 
rotor  speed  with  the  final  stabilizer,  which  resulted  in  generating  more  sideslip 
during  the  maneuver.  In  this  condition,  the  resulting  helicopter  motions  were  nearly 
the  same  as  the  standard  configuration.  In  general,  the  data  presented  indicate 
a  significant  improvement  in  control  required  for  recovery,  delay  time,  and 
helicopter  pitch  response  with  the  final  reduced-span  configuration. 

64.  Regardless  of  configuration  or  entry  condition,  the  characteristic  aircraft 
motion  following  a  power  reduction  was  a  light  yaw  followed  by  left  roll  and 
then  pitch  down.  The  maximum  yaw,  roll,  and  pitch  rates  occurred  between 
0.5  to  0.75  second,  1.25  to  1.5  seconds,  and  1.5  to  1.75  seconds,  respectively, 
for  all  entries  flown.  If  the  delay  time  for  corrective  control  input  was  less  than 
these  values,  the  rates  achieved  were  reduced.  Therefore,  the  FAA  requirement 
to  hold  only  the  collective  control  fixed  for  1.0  second  while  allowing  cyclic  or 
directional  control  inputs  would  greatly  reduce  the  nose-down  pitch  rate 
encountered  during  the  maneuver. 
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65.  Typical  maximum  values  of  the  angular  rates  attained  during  a  stick-fixed 
autorotational  entry  with  the  standard  stabilizer  were  determined.  The  maximum 
yaw  rates  attained  during  the  entried  varied  from  28  to  32  degrees  per  second 
(deg/sec).  The  yaw  rate  increased  with  increasing  power  required.  The  roll  rate 
varied  slightly  from  32  to  34  dcg/sec  and  primarily  increased  with  increasing  entry 
airspeed.  The  pitch  rate  showed  the  widest  variation  and  ranged  from 
18  to  25  deg/sec.  The  rate  increased  with  both  increasing  power  and  airspeed. 
When  a  1-inch  left  pedal  input  (opposite  direction  for  recovery)  was  made  following 
a  simulated  power  failure,  the  pitch  rate  would  exceed  30  deg/sec.  The  worst 
conditions  for  nose-down  pitch  were  in  low-speed  maximum-power  climbs  and  at 
maximum  speed  in  level  flight. 

66.  The  delay  time  (time  from  point  of  power  reduction  to  recovery  control  input) 
ranged  from  1 .0  to  2.25  seconds  for  the  standard  stabilizer.  The  delay  time 
decreased  as  power  required  or  airspeed  increased  and  was  usually  determined  by 
recovery  from  undesirable  rates  or  attitudes.  With  the  final  reduced-span  stabilizer 
installed,  the  delay  times  ranged  from  1.5  to  2.8  seconds,  and  the  determining 
factor  was  the  low  rotor  speed.  In  low-power  conditions,  the  aircraft  stabilized 
in  a  descending  left  turn  at  the  time  of  recovery. 

67.  The  sideslip  angle  prior  to  entry  was  also  found  to  affect  the  pitch  rate.  During 
the  entries,  the  sideslip  was  found  to  increase  by  25  to  30  degrees.  A  higher  entry 
sideslip  caused  higher  pitch  rates  to  occur,  as  discussed  in  paragraph  51.  Figures  22 
through  29,  appendix  D,  show  the  effects  of  varying  initial  sideslip  angle  on  entry 
autorotational  characteristics.  Generally,  the  trim  sideslip  angle  decreased  with 
increasing  airspeed  in  level  flight,  and  for  any  given  airspeed,  it  was  usually  greatest 
during  climb  and  lowest  during  autorotation. 

68.  An  example  of  the  improvement  in  autorotational  entry  motions  achieved 
by  the  final  reduced-span  stabilizer  is  shown  in  figure  E.  The  low-sideslip  entry 
condition  shown  for  the  final  reduced-span  stabilizer  was  obtained  using  the  pedal 
position  indicator  (para  54).  The  higher  entry  sideslip  angles  for  the  standard 
configuration  are  representative  for  those  encountered  without  the  pedal  position 
indicator.  Autorotational  entry  data  for  the  standard,  reduced-chord,  and  final 
reduced-span  stabilizers  are  shown  for  a  47-KCAS  level  flight  entry.  The 
reduced-chord  configuration  is  shown  to  be  similar  to  the  standard  configuration, 
which  was  the  case  for  all  entry  conditions  tested.  The  final  reduced-span  stabilizer 
is  shown  to  have  considerably  reduced  the  pitching  motion  and  the  aft  longitudinal 
cyclic  movement  required  for  recovery.  Additionally,  the  maximum-allowable  delay 
time  before  recovery  was  increased  from  1.5  seconds  to  nearly  2.8  seconds,  where 
the  critical  parameter  was  rotor  speed  rather  than  excessive  rates  or  attitudes.  The 
roll  rate  was  only  slightly  influenced  by  the  stabilizer  configuration. 

69.  The  rotor  speed  decay  rates  with  the  collective  fixed  following  descending, 
level,  and  climbing  flight  throttle  chops  are  included  in  figure  30,  appendix  D. 
These  data  are  shown  as  a  function  of  the  manifold  pressure  (engine  power)  required 
to  maintain  the  steady  flight  condition  prior  to  the  throttle  chop.  With  the 
exception  of  slightly  higher  decay  rates  in  hover,  definite  trends  with  airspeed  or 
flight  condition  were  not  apparent. 
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.  LONGITUDINAL  CYCLIC 

PITCH  RATE  -  6  REQUIRED  FOR  RECOVERY 

DEGREES/ SECOND  -  INCHES  AFT 


ENTRY  AVG  GROSS  AVG  CG  ANGLE  OF 
STABILIZER  AIRSPEED  WEIGHT  LOCATION  SIDESLIP 


SYMBOL  CONFIGURATION  (KCAS)  (POUNDS)  (INCHES)  (DEGREES) 


STANDARD 

47 

1670 

99.3 

12 

REDUCED  CHORD 

47 

1650 

99.2 

15 

FINAL  REDUCED  SPAN 

47 

1670 

99.3 

4 

TIME  FOLLOWING  POWER  REDUCTION  '  SECONDS 


Figure  E.  Comparison  of  Longitudinal  Characteristics  During 
an  Autorotational  Entry. 
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70.  The  rotor  speed  decay  rates  were  very  high  because  of  the  low  inertia  rotor. 
The  maximum  observed  decay  rate  over  the  first  second  was  72  rpm/sec. 
(15  percent/sec)  at  23.3  inches  of  manifold  pressure.  As  shown  in  figures  22 
through  27,  appendix  D,  the  initial  rotor  speed  decay  rate  rapidly  diminished  with 
time  and  was  near  zero  at  3  seconds.  A  pronounced  aircraft  vibration  was  observed 
as  the  rotor  speed  dropped  below  340  rpm. 

71.  When  entries  were  initiated  at  a  rotor  speed  of  450  rpm,  the  decay  rate  was 
increased  over  that  for  the  same  flight  condition  at  483  rpm.  The  rotor  speed 
decreased  to  350  rpm  approximately  0.5  second  earlier  because  of  the  higher  decay 
rate  and  lower  initial  rotor  speed.  Operating  at  a  rotor  speed  of  483  rpm  provides 
the  pilot  with  the  longest  delay  time  in  the  event  of  a  power  failure. 


STABILIZER  QUALIFICATION  (PHASE  D) 

General 

72.  Following  the  determination  that  the  21 -inch-span  stabilizer  with  a  full-length 
upper-leading-edge  spoiler  was  the  optimum  interim  configuration  for  the  TH-55A, 
an  Army  qualification  program  was  developed  by  AVSCOM  (ref  4,  app  A).  The 
purpose  of  the  program  was  to  qualify  the  new  stabilizer  throughout  the  flight 
envelope  contained  in  the  1967  Hughes  TH-55A  owner's  manual  from  both  a 
handling  qualities  and  structural  viewpoint.  The  same  types  of  stability  and  control 
tests  conducted  in  Phase  I  were  continued  in  Phase  II,  except  that  the  emphasis 
was  placed  on  most  critical  flight  conditions  and  a  broader  airspeed  range.  The 
airspeeds  investigated  ranged  from  hover  to  1.11VNE  (never-exceed  airspeed)  and 
included  the  specific  conditions  shown  in  table  3.  Although  the  TH-55A  is  not 
required  to  meet  military  specifications,  the  applicable  stability  and  control 
requirements  of  MIL-H-8501A  (ref  7)  were  compared  with  the  test  results.  In  most 
cases,  the  modified  TH-55A  met  or  exceeded  these  requirements. 

73.  Structural  integrity  of  the  horizontal  stabilizer  was  demonstrated  by  measuring 
stabilizer  bending  loads  during  maximum  load  factor  maneuvers  and  by  conducting 
special  flutter  and  vibration  tests’.  The  natural  frequency  of  the  stabilizer  was 
determined  and  evaluated  relative  to  the  airframe.  The  final  reduced-span  stabilizer 
was  structurally  acceptable  since  the  measured  loads  were  generally  less  than  the 
standard  configuration  loads.  However,  the  natural  frequency  of  the  stabilizer 
structure  was  slightly  increased,  which  could  cause  a  reduction  in  fatigue  life  since 
it  was  found  to  be  nearer  the  primary  forcing  frequency. 


HANDLING  QUALITIES 
Controllability 

74.  During  Phase  II,  only  hover  controllability  tests  were  conducted.  These  tests 
were  to  determine  control  power  and  rate  damping  characteristics  in  accordance 
with  MIL-H-8501A  requirements.  The  tests  were  conducted  at  maximum  gross 
weight,  both  forward  and  aft  eg  locations,  a  density  altitude  of  2200  feet,  and 
a  skid  height  of  15  to  20  feet. 

75.  The  longitudinal  and  directional  control  power  was  defined  by  the  attitude 
attained  in  1  second  following  a  1-inch  control  step  input.  The  lateral  control 
power  was  determined  by  the  roll  attitude  attained  in  1/2  second  following  a  1-inch 
control  step  input.  The  visual-flight-rules  (VFR)  requirements  of  MIL-H-8501A, 
used  for  comparison,  are  based  on  the  maximum  gross  weight  of  the  helicopter. 
The  results  obtained  for  both  the  forward  and  aft  eg  locations  are  shown  in  table  9. 
The  TH-55A  with  the  modified  stabilizer  exceeded  the  hovering  control  power 
requirements  about  each  axis. 

76.  The  rate  damping  characteristics  were  determined  by  calculating  the  damping 
moment  by  the  time  constant  method  (ref  10,  app  A).  The  test  data  were 
compared  with  M1L-H-8501A  requirements,  which  are  based  on  the  principal  axis 
moments  of  inertia.  The  moments  of  inertia  for  the  test  configuration  were 
calculated  by  methods  discussed  in  USAASTA  Technical  Note  No.  24  (ref  11) 
and  are  included  with  the  test  results  in  table  9.  Following  a  1-inch  longitudinal 
control  step  input,  the  pitch  rate  damping  moment  was  found  to  exceed  the 
requirement.  The  roll  rate  damping  was  slightly  less  than  required.  The  yaw  rate 
damping  was  positive,  although  considerably  below  the  requirement.  Weak  yaw 
rate  damping  is  a  common  characteristic  of  single-rotor  helicopters,  and  failure 
to  meet  this  requirement  is  not  a  serious  shortcoming. 

77.  The  longitudinal  control  response  in  hover  was  generally  satisfactory  and  was 
nearly  twice  that  for  the  standard  stabilizer  at  47-KCAS  forward  speed.  The  lateral 
control  response  in  hover  was  satisfactory  and  was  nearly  the  same  as  for  the 
47-KCAS  level  flight  condition  with  the  standard  stabilizer.  The  directional  control 
response  in  hover  was  satisfactory  and  was  approximately  four  times  greater  than 
the  value  at  47  KCAS  in  level  flight.  Qualitatively,  the  stabilizer  modification  did 
not  significantly  degrade  the  controllability  characteristics. 


Hover  and  Low-Speed  Flight 

78.  The  objectives  of  these  tests  were  to  evaluate  the  handling  qualities  and 
determine  control  margins  in  crosswind  or  downwind  hovering  conditions.  The  tests 
were  conducted  at  maximum  gross  weight,  a  density  altitude  of  2100  feet,  and 
both  forward  and  aft  eg  locations.  The  skid  height  ranged  from  10  to  15  feet. 
A  calibrated  ground  pace  vehicle  was  used  to  establish  airspeeds  from  zero  to 
25  knots  in  increments  of  5  knots  in  sideward  and  rearward  flight. 


79.  The  test  results  are  graphically  presented  in  figures  31  and  32,  appendix  D. 
The  cyclic  control  deflection  required  was  in  the  direction  of  increasing  airspeed. 
The  collective  position  was  maximum  at  hover  and  decreased  with  increasing 
airspeeds  in  all  directions.  Control  margins  were  adequate  for  the  airspeed  range 
tested,  but  the  longitudinal  control  was  within  10  percent  of  the  aft  limit  at 
18  knots  true  airspeed  (KTAS)  in  rearward  and  left  sideward  flight  at  the  aft  eg 
location.  This  indicates  that  the  longitudinal  control  would  be  near  the  aft  stop 
in  these  conditions  if  the  aircraft  rigging  were  set  for  maximum  forward  stick 
movement  as  discussed  in  the  portion  of  this  report  concerning  control  systems 
characteristics  (para  33). 

80.  The  directional  stability  was  generally  weak  in  sideward  flight,  and  the  aircraft 
was  dynamically  unstable  when  translating  to  the  left  in  the  10-  to  25*knot  range. 
Despite  this  instability,  the  pilot  considered  the  sideward  flight  handling  qualities 
to  be  better  than  the  standard  stabilizer  in  this  flight  condition. 

Control  Positions  in  Trimmed  Forward  Flight 

81.  During  Phase  II  tests,  control  positions  were  determined  in  climb, 
autorotation,  and  level  flight  using  only  the  maximum  normal  rotor  speed  of 
483  rpm.  The  tests  were  conducted  at  maximum  gross  weight,  both  forward  and 
aft  eg  locations,  and  at  an  average  density  altitude  of  4150  feet.  Control  positions 
were  recorded  at  various  stabilized  zero-sideslip  flight  conditions  at  forward  flight 
speeds  ranging  from  20  KCAS  to  1.1  IVjsje  and  are  presented  in  figures  33  and  34, 
appendix  D. 

82.  The  most  critical  forward  longitudinal  control  margin  of  1.2  inches 
(9.2  percent)  occurred  at  I.IIVnE  at  the  aft  eg  location.  Conversely,  the  most 
critical  aft  longitudinal  control  margin  of  3.1  inches  (31.4  percent)  occurred  in 
hover  at  the  forward  eg  location  (fig.  31,  app  D).  From  approximately 
30  to  76  knots,  forward  longitudinal  cyclic  control  was  required  with  increasing 
speed,  and  the  trim  control  position  characteristics  were  generally  satisfactory. 
Qualitatively,  a  slight  discontinuity  existed  during  transitional  flight 
(zero  to  30  knots);  however,  this  characteristic  was  not  objectionable  to  the  pilot, 
and  the  requirements  of  MIL-H-8501A  were  generally  met. 

Collective- Fixed  Static  Longitudinal  Stability 

83.  The  Phase  I  test  methods  were  used  during  the  collective-fixed  static 
longitudinal  stability  qualification  tests,  except  the  aircraft  was  trimmed  at  near-zero 
sideslip.  The  aircraft  was  tested  in  climb,  autorotation,  and  level  flight  conditions. 
The  conditions  tested  are  shown  in  table  3.  Tests  were  conducted  at  both  forward 
and  aft  eg  locations,  an  average  density  altitude  of  4200  feet,  and  at  maximum 
gross  weight.  The  detailed  results  of  these  tests  are  shown  in  figures  35  through  37, 
appendix  D. 
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84.  A  summary  of  the  static  longitudinal  stability  in  level  flight  is  shown  in 
figure  16,  appendix  D.  The  aircraft  was  stable  at  all  forward  airspeeds  tested  and 
increased  as  airspeed  increased.  The  level  flight  static  longitudinal  stability 
characteristics  were  not  appreciably  changed  in  either  climb  or  autorotational  flight 
conditions. 

Static  Lateral-Directional  Stability 

85.  The  lateral-directional  stability  test  procedures  conformed  to  those  discussed 
in  the  Phase  1  results  for  level  flight  conditions.  However,  in  climb  and  autorotation, 
the  dynamic  test  technique  was  used  The  data  were  read  at  5-degree  increments 
as  sideslip  increased  from  the  trim  position  in  each  direction.  Tests  at  airspeeds 
of  Vne  and  1.1  1VnE>  requested  by  AVSCOM  (ref  4,  app  A),  were  not  conducted 
because  of  the  unavailability  of  an  approved  sideslip  envelope.  The  test  conditions 
shown  in  table  3  were  flown  at  maximum  gross  weight,  both  forward  and  aft 
eg  locations,  and  an  average  density  altitude  of  4200  feet.  The  detailed  test  results 
are  presented  in  figures  38  and  39,  appendix  D. 

86.  The  static  directional  stability  was  positive.  The  directional  control  gradient 
was  slightly  stronger  at  higher  airspeed  and  was  nearly  identical  to  the  standard 
configuration  discussed  in  the  Phase  I  results. 

87.  The  modified  TH-55A  was  determined  to  have  a  positive  dihedral  effect.  The 
dihedral  effect  increased  slightly  at  higher  airspeed  and  was  similar  to  the  standard 
configuration. 

88.  The  change  in  the  aft  longitudinal  cyclic  trim  as  a  function  of  right  sideslip 
was  shown  to  be  improved  when  compared  to  the  standard  stabilizer  shown  in 
figure  B  of  the  Phase  I  results.  The  Phase  II  lateral-directional  data  indicate  that 
airspeed  or  eg  location  do  not  significantly  change  the  longitudinal  trim  shift  with 
sideslip.  In  autorotation,  a  large  aft  cyclic  movement  is  required  with  either  left 
o-  right  sideslip  about  the  trim  condition. 

Dynamic  Longitudinal  Stability 

89.  The  short-period  dynamic  longitudinal  stability  test  methods  were  the  same 
as  in  Phase  I,  except  that  the  aircraft  was  initially  trimmed  at  zero  sideslip.  The 
flight  conditions  requested  by  AVSCOM  (ref  4,  app  A)  were  flown  and  are  listed 
in  table  3.  Tests  were  flown  at  the  maximum  gross  weight  and  aft  eg  configuration, 
which  is  normally  the  worst  condition  for  dynamic  stability.  The  short-period  results 
are  summarized  in  table  1 0.  The  long-period  dynamic  stability  characteristics  were 
briefly  investigated  and  were  qualitatively  determined  to  be  similar  to  the  standard 
helicopter. 

90.  In  the  aft  eg  configuration,  adequate  longitudinal  stability  was  exhibited  in 
the  level  and  autorotational  flight  conditions.  Following  a  longitudinal  pulse  in 
low-speed  flight,  the  resulting  pitch  oscillation  would  initially  damp  out,,  but  the 
lateral-directional  mode  was  excited  and  became  divergent.  The  resulting  roll  and 
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yaw  oscillations  increased  and  then  coupled  with  the  pitch  axis  to  become  an 
undamped  3-axis  oscillation.  This  situation  existed  at  airspeeds  below  60  knots 
at  the  aft  eg  location  (FS  99.1). 


Table  10.  Dynamic  Longitudinal  Stability  Summary. 1 


Flight 

Condition 

Center-of- 

Gravity 

Location 

(in.) 

Calibrated 

Trim 

Airspeed 

(kt) 

Period  of 
Oscillation 
(sec) 

Damping  Characteristics 

Ratio 

Description 

Level 

95.2  (fwd) 

40 

mam 

0.24 

Weak 

47 

OEM 

0.34 

Moderate 

56 

3.0 

0.39 

Moderate 

Level 

99.1  (aft) 

40 

3.0 

0.20 

Weak 

47 

mm 

0.28 

Weak 

56 

3.3 

0.29 

Weak 

70 

2.9 

0.33 

Moderate 

Climb 

99.1  (aft) 

44 

— 

— 

Divergent2 

50 

— 

— 

Divergent2 

Auto¬ 

rotation 

99.1  (aft) 

38 

2 

0.48 

Strong 

56 

3.2 

0.42 

Strong 

Average  flight  conditions: 

Rotor  speed:  483  rpm. 

Gross  weight:  1650  pounds. 

Density  altitude:  4400  feet. 

The  short-period  response  to  an  aft  pulse  appeared  to  be  deadbeat, 
but  the  long-period  response  was  divergent . 


Dynamic  Lateral-Directional  Stability 

91.  The  short-period  dynamic  lateral-directional  stability  characteristics  were 
evaluated  using  the  same  techniques  as  in  Phase  I  testing,  except  that  the  aircraft 
was  initially  trimmed  at  zero  sideslip.  The  aircraft  was  tested  at  the  maximum 
gross  weight  and  both  forward  and  aft  eg  locations.  The  flight  conditions  and  test 


results  arc  summarized  in  table  II.  At  the  aft  eg  location,  lateral-directional 
oscillations  were  found  to  be  neutral  or  negatively  damped  in  low-speed  (below 
47  KCAS)  level  flight  and  climb.  An  example  of  the  aircraft  response  *0  a  left 
lateral  control  pulse  is  shown  in  figure  40,  appendix  D.  This  figure  corresponds 
to  the  47-KCAS  aft  eg  level  flight  condition  in  table  11.  The  roll  and  yaw  traces 
show  the  initial  positive  lateral  damping  and  the  slightly  negative  directional 
damping  characteristics.  The  resulting  motion  becomes  a  lightly  diverging 
lateral-directional  motion  where  the  time  to  double  amplitude  exceeds  30  seconds. 

At  airspeed  above  56  KCAS,  the  lateral-directional  damping  became  slightly 
positive.  The  damping  was  positive  at  all  speeds  in  autorotation. 

92.  At  a  mid  eg  location  of  FS  98.1  and  an  airspeed  of  40  KCAS,  the 
lateral-directional  mode  was  found  to  be  lightly  damped.  This  appeared  to  be  the 
eg  location  beyond  which  the  neutral-to-negative  damping  occurs.  Since  the  negative 
lateral-directional  dynamic  stability  increases  pilot  workload,  the  maximum  aft  eg 
location  should  be  limited  to  FS  98.1  for  normal  operation.  The  period  of 
undamped  oscillations  (3.2  to  3.4  seconds)  was  such  that  they  were  easily 
controlled  by  the  pilot  and  will  not  be  seen  by  operational  pilots.  The  undamped 
directional  stability  at  eg  locations  aft  of  FS  98.1  is  a  shortcoming,  with  no 
correction  required. 

Maneuvering  Stability 

93.  The  maneuvering  stability  characteristics  were  evaluated  by  conducting  steady 
turns,  symmetrical  pull-ups,  and  aft  longitudinal  control  step  inputs.  For  all 
techniques,  the  aircraft  was  stabilized  at  a  trim  airspeed  in  level  flight  with  the 
collective  and  trim  settings  being  maintained  throughout  the  maneuver.  Stick  forces 
were  estimated  by  the  pilot  during  the  steady  turns.  The  tests  were  conducted 
at  an  average  density  altitude  of  4000  feet,  maximum  gross  weight,  and  an  aft 
eg  location. 

94.  Both  the  pitch  rate  and  normal  acceleration  curve  became  concave  downward  ; 
within  2  seconds  of  the  aft  control  step  inputs.  This  is  in  compliance  with 
paragraph  3.2.11.1  of  MIL-H-8501A,  and  was  true  for  all  airspeeds  tested.  The 
initial  minor  discontinuity  shown  in  the  normal  acceleration  data  was  caused  by 
the  normal  accelerometer  being  offset  from  the  aircraft  eg. 

95.  The  steady-turn  tests  indicated  that  the  maneuvering  stability  characteristics 
were  nearly  identical  to  the  standard  configuration.  The  cyclic  stick  feedback  forces 
moved  the  cyclic  control  aft,  which  indicates  negative  stick-force  stability;  however, 
the  stick  position  stability  was  positive.  The  feedback  forces  increased  as  the  eg 
was  moved  aft.  Symmetrical  pull-up  data  are  shown  in  figure  41,  appendix  D. 
Positive  stick  position  maneuvering  stability  was  also  evident.  The  maneuvering 
characteristics  are  acceptable  for  a  VFR  helicopter  trainer. 
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Rotor  speed:  483  rpm. 

Average  gross  weight:  1660  pounds. 

Average  density  altitude:  4400  feet. 

When  the  directional  stability  is  neutral  or  negative,  a  disturbance  results  in  an  undamped 
Dutch  roll  regardless  of  direction  of  control  pulse. 


Structural  Demonstrations 


96.  The  critical  maneuvering  flight  conditions  requested  by  AVSCOM  (ref  4, 
app  A)  were  flown  to  demonstrate  the  structural  integrity  of  the  new  stabilizer 
configuration.  The  tests  were  conducted  at  a  4000-foot  pressure  altitude,  maximum 
gross  weight,  and  a  forward  eg  location  (FS  95.2). 

97.  The  results  for  each  maneuver  are  shown  in  table  12.  The  tabulated  data 
arc  for  maximum  load  factor  or  the  maximum  flapwise  bending  load.  The  maximum 
load  factor  attained  during  any  maneuver  was  1.6g.  At  the  maximum-g  loading, 
excessive  airframe  and  cyclic  control  vibrations  indicated  blade  stall. 

98.  The  maximum  flapwise  bending  load  recorded  during  these  maneuvers  was 
264  inch-pounds  (in.-lb)  in  the  directional  control  reversal  maneuver.  This  load 
was  primarily  caused  by  the  high  right  sideslip  angle  generated  during  the  maneuver. 
A  high  flapwise  bending  moment  of  230  in.-lb  on  the  final  reduced-span  stabilizer 
was  also  observed  during  the  static  lateral-directional  stability  tests  (fig.  55,  app  D). 
Both  values  were  significantly  lower  than  the  maximum  load  of  650  in.-lb  recorded 
with  the  standard  stabilizer  during  the  Phase  I  static  lateral-directional  stability 
tests  (fig.  50).  Since  the  reduced-span  stabilizer  and  standard  stabilizer  have 
essentially  the  same  structure,  the  reduced  airloads  should  provide  a  greater  safety 
margin. 


FLUTTER  AND  VIBRATION 


Ground  Teatg 

99.  One  of  the  primary  concerns  involved  when  modifying  the  structural  size  or 
stiffness  of  rotorcraft  components  is  that  the  natural  frequency  of  the  component 
should  not  approach  the  forcing  frequency  of  any  rotating  components.  When  this 
occurs,  the  stress  magnification  factor  is  dramatically  increased,  and  structural 
failure  or  reduced  fatigue  life  may  occur.  The  overall  stiffness  of  the  new  TH-55A 
horizontal  stabilizer  was  increased  because  of  the  reduction  in  span  and  the  addition 
of  the  spoiler.  Since  greater  stiffness  usually  increases  the  natural  frequency  of 
the  structure,  tests  were  conducted  to  determine  the  natural  frequency  of  both 
the  standard  and  final  stabilizer  configurations.  These  tests  were  performed  by 
striking  the  stabilizer,  which  was  mounted  on  the  aircraft,  and  recording  the 
resulting  free  vibration  -esponse. 

100.  The  standard  stabilizer  had  a  primary  flapwise  natural  frequency  of 
25  to  26  hertz  (Hz)  and  a  chordwise  natural  frequency  of  65  to  70  Hz.  These 
values  were  increased  to  26  to  29  Hz,  flapwise,  and  90  to  110  Hz,  chordwise, 
on  the  reduced-chord  stabilizer.  The  free  vibration  damping  ratio  on  the 
reduced-span  stabilizer  was  approximately  0.08,  flapwise,  and  0.16,  chordwise. 
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101.  The  primary  driving  frequencies  were  determined  by  varying  the  rotor  speed 
from  200  to  483  rpni  with  the  aircraft  on  the  ground  while  observing  the  strain 
gage  data  for  vibratory  response.  The  results  of  this  test  are  shown  in  figure  F. 
During  this  test,  the  stabilizer  was  essentially  unloaded. 


o 


NOTES: 


X.  Helicopter  on  ground  with  collective  full  down. 
2.  Peak  to  peak. 


Figure  F.  Vibratory  Response  of  the  Horizontal  Stabilizer. 


102.  The  rotor  speeds  which  caused  the  largest  stabilizer  vibrations  are  shown 
in  table  13.  The  frequencies  of  the  most  likely  vibration  sources  are  also  shown. 
These  sources  include  a  one-per-rotor-revolution  (1/rcv)  and  2/rev  of  the  tail  rotor, 
and  a  1/rev  and  3/rev  of  the  main  rotor.  A  1/rcv  vibration  does  not  occur  from 
rotor  aerodynamic  sources  on  either  the  main  or  tail  rotors;  however,  it  can  arise 
from  rotor  blade  imbalance. 

1 03.  The  main  rotor  vibrations  arc  of  minor  concern  because  the  higher  flapwise 
natural  frequency  of  the  modified  stabilizer  is  a  favorable  improvement.  The  2/rev 
vibrations  of  the  tail  rotor  arc  undesirably  close  to  the  chordwise  natural  frequency 
of  the  new  stabilizer  at  the  normal  rotor  speed  range.  This  situation  could  reduce 
the  fatigue  life  below  that  of  the  standard  stabilizer.  However,  the  damping  ratio 
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is  apparently  sufficient  to  maintain  the  stress  magnification  factor  at  a  tolerable 
value.  An  improvement  could  be  provided  by  weighting  the  stabilizer  tip. 


Table  13.  Vibration  Sources  at  the  Horizontal  Stabilizer. 


Operating 

Condition 

Vibration  Sources 

Main 

Rotor 

Speed 

(rpm) 

Tail 

Rotor 

Speed 

(rpm) 

Tail 

Rotor 

1/Rev 

(Hz) 

Tail 

Rotor 

2/Rev 

(Hz) 

Main 

Rotor 

1/Rev 

(Hz) 

Main 

Rotor 

3/Rev 

(Hz) 

255 

1688 

28.1 

56.0 

4.27 

12.8 

340 

2250 

37.4 

75.0 

5.66 

17.0 

360 

2380 

39.7 

79.5 

6.0 

18.0 

i  414 

2740 

45.6 

91 .2 

6.9 

20.7 

450 

2975 

49.5 

99.0 

7.5 

22.5 

483 

3190 

53.0 

107.0 

8.0 

24.2 

510 

3365 

56.2 

112.0 

8.5 

25.5 

104.  The  primary  problem  area  appeared  to  be  1/rev  of  the  tail  rotor  at  low 
main  rotor  speeds  (330  to  360  rpm).  In  this  range,  the  driving  frequency 
corresponds  to  the  flapwise  natural  frequency  and  provides  the  worst  vibratory 
response,  as  shown  in  figure  F.  Again,  tip  weighting  would  lower  the  natural 
frequency  and  improve  this  situation.  If  the  tail  rotor  is  in  perfect  balance,  no 
vibrations  will  be  introduced.  However,  when  more  imbalance  is  present,  stronger 
driving  vibrations  at  these  frequencies  will  occur.  Therefore,  the  tail  rotor  should 
be  kept  as  well  balanced  as  possible  to  reduce  structural  fatigue. 

Flight  Teats 

105.  The  flutter  and  vibration  characteristics  were  observed  under  the  conditions 
requested  by  AVSCOM  (ref  4,  app  A).  The  test  conditions  were  flown  at  maximum 
gross  weight,  an  aft  eg  location  (FS  99),  and  at  both  4000-  and  9000-foot  density 
altitudes.  Vibration  data  were  obtained  from  the  stabilizer  flapwise  and  chordwise 
bending  moments,  the  aircraft  accelerometers,  and  tail-boom  flow-vane  oscillograph 
traces.  At  the  test  airspeeds  (Vne  and  1.1  IVne).  blade  stall  prevented  operation 
at  rotor  speeds  below  400  rpm,  and  the  collective  rigging  prevented  operating  abov<; 
510  rpm.  The  test  conditions  and  results  are  shown  in  table  14.  The  vibration 
frequency  shown  was  the  predominant  frequency  recorded. 
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106.  During  the  level  flight  tests,  the  aircraft  exhibited  a  small  3/rev  vibration 
in  the  longitudinal,  lateral,  and  vertical  directions.  The  predominant  response  of 
the  new  stabilizer  was  I /rev  of  the  tail  rotor  flapwise  and  2/rev  of  the  tail  rotor 
chordwise.  The  level  flight  conditions  appeared  to  be  free  of  any  significant 
vibration  or  flutter. 

107.  During  the  autorotations  at  rotor  speeds  above  483  rpm,  the  aircraft 
vibrations  increased  and  were  predominately  1/rev  in  frequency.  However,  the 
predominant  stabilizer  vibrations  remained  at  1/rev  of  the  tail  rotor  flapwise  and 
2/rev  of  the  tail  rotor  chordwise  and  were  not  excessive  in  amplitude.  The 
predominant  stabilizer  response  generally  appeared  to  be  from  vibration.  However, 
a  flutter  condition  did  appear  to  exist.  Flutter  is  defined  as  an  aeroelastic, 
self-excited  vibration  deriving  its  energy  from  the  airstream.  Therefore,  the  TH-55A 
stabilizer  is  subject  to  flutter  from  two  sources.  First,  the  stabilizer  is  located  in 
the  nonsteady  rotor  wake  flow  conditions;  and  secondly,  it  is  located  on  a  long 
tail  boom  which  is  subject  to  vibratory  deflection. 

108.  When  operating  at  the  lowest  rotor  speeds  during  autorotations,  the  3/rev 
aircraft  vibrations  increased.  These  vibrations  were  also  felt  in  the  control  system, 
which  indicated  the  presence  of  blade  stall.  During  these  conditions,  the  stabilizer 
flapwise  bending  frequency  remained  at  l/'rev  of  the  tail  rotor;  however,  at 
5200  feet,  the  chordwise  bending  exhibited  both  2/rev  of  the  tail  rotor  and  3/rev 
of  the  main  rotor  vibrations.  The  3/rev  main  rotor  vibration  was  the  largest  vibration 
recorded  by  the  chordwise  gage,  but  was  not  considered  to  be  excessive.  The 
vibrations  were  reduced  at  10,100  feet. 

109.  The  flow-field  angle-of-attack  oscillations  were  recorded  by  a  flow  vane 
located  about  7  inches  from  the  tail  boom  on  a  dihedral  angle  of  35  degrees  from 
the  horizontal  plane  and  located  about  4  inches  forward  of  the  stabilizer.  For 
most  level  flight  and  climb  conditions,  unsteady  flow  due  to  the  individual  blade 
passage  (3/rev)  caused  less  than  a  ±  2-degree  angle-of-attack  oscillation.  However, 
a  flow  vane  at  1/rev  of  the  main  rotor  oscillation  was  much  more  significant. 
Although  this  oscillation  appeared  to  be  caused  by  tail-boom  vibration, 
instrumentation  was  inadequate  to  confinn  this  observation.  During  autorotation, 
the  stabilizer  flow-vane  oscillation  at  1/rev  of  the  main  rotor  was  as  high  as 
±15  degrees  at  510  rotor  rpm.  However,  the  lift  curve  slope  of  the  final 
reduced-span  stabilizer  was  lowered  by  the  reduced  aspect  ratio  and  spoiler 
configuration,  which  should  reduce  the  response  from  that  shown  by  the  standard 
stabilizer.  The  stabilizer  flapwise  and  chordwise  flutter  amplitudes  were  not 
excessive,  and  the  frequency  is  safely  removed  from  the  natural  frequency  of  the 
structure. 


HORIZONTAL  STABILIZER  AERODYNAMIC  CHARACTERISTICS 
General 


110.  Figure  G  shows  the  geometry  of  the  air  loads  acting  in  their  positive 
directions  on  the  horizontal  stabilizer.  The  flapwise  bending  moments  (BMfw)  were 
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measured  by  strain  gages  located  near  the  stabilizer  root.  The  flapwise  gages  were 
located  on  the  upper  and  lower  surfaces  of  the  main  spar,  and  chordwise  bending 
moment  (BMpW)  gages  were  located  on  the  upper  and  lower  skin  surfaces  near 
the  leading  edge.  These  strain  gages  were  calibrated  by  applying  forces  at  a  quarter 
chord  point  near  the  stabilizer  tip.  The  forces  were  multiplied  by  the  span  to 
obtain  the  calibration  in  inch-pounds  of  moment  about  the  stabilizer  root. 


Calibration 
loadi  Paint 


Figure  G.  View  of  Loads  Acting  on  Horizontal  Stabilizer  in  Forward  Flight 


111.  An  undesirable  feature  of  the  instrumented  stabilizer  was  that  the  vertical 
loads  were  also  sensed  by  the  chordwise  strain  gages.  Fortunately,  the  longitudinal 
loads  were  not  sensed  by  the  flapwise  gages.  Thus,  the  chordwise  moments  could 
be  determined  by  first  reading  the  flapwise  load  and  then  removing  the  chordwise 
bending  moment  due  to  vertical  loads  from  the  measured  value.  During  the  vertical 
load  calibration,  a  correction  curve  similar  to  that  shown  in  figure  H  was  obtained 
for  each  stabilizer  and  was  used  to  correct  the  recorded  value  of  BMCw- 

l 

NOTE:  Data  for  the  reduced-span  stabilizer  used  in  Phase  II. 


FLAPWISE  BENDING  MOMENT 

-  BM,  INCH-POUNDS 
fw 


Figure  II.  Chordwise  Bending  Moment  Due  to  Vertical  Loads. 


Forward  Flight  Loads 

1 1 2.  The  loads  measured  during  the  steady-state  forward  flight  conditions  are 
included  in  figures  42  through  49,  appendix  D.  The  negative  sign  indicates 
downloads.  The  downloads  during  climbs  were  greater  than  during  level  flight. 
Generally,  uploads  were  generated  during  autorotation.  As  the  eg  was  moved  aft, 
the  loads  were  shifted  in  the  positive  (up)  direction.  The  stabilizer  configurations 
with  an  upper-leading-edge  spoiler  significantly  reduced  the  uploads  produced  in 
autorotation,  which  decreased  the  cyclic  trim  shift.  The  loads  generated  in  forward 
flight  by  the  reduced-span  configuration  were  lower  than  any  other  configuration 
tested.  A  comparison  of  the  maximum  static  load  shift  required  to  go  from  a 
maximum-power  climb  to  full  autorotation  is  shown  in  figure  I.  Both  the 
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reduced-chord  and  final  reduced-span  configurations  significantly  lowered  the 
stabilizer  load  shift,  which  reduced  the  longitudinal  cyclic  trim  change,  as  discussed 
in  paragraph  45. 


AVG  DENSITY 

AVG  GROSS 

AVG  CG 

STABILIZER 

ALTITUDE 

WEIGHT 

LOCATION 

SYMBOL  CONFIGURATION 

(fee;'*» 

(POUNDS) 

(INCHES) 

-  STANDARD 

5400 

1660 

95.1 

-  REDUCED  CHORD 

4400 

1640 

95.7 

-  final  REDUCED  SPAN 

4100 

1670 

95.2 

Figure  I.  Comparison  of  Stabilizer  Load  Shift  for  Maximum-Power  Climb 

to  Full  Autorotation. 


Lateral- Directional  Flight  Loads 

113.  The  loads  data  taken  in  steady-heading  sideslips  are  shown  in  figures  50 
through  55,  appendix  D.  Figure  50  presents  the  loading  on  the  small  vertical  fin 
located  just  ahead  of  the  stabilizer  on  the  tail  boom.  These  vertical  fin  loads  were 
determined  to  be  insignificant  in  comparison  to  the  lateral  component  of  the  loads 
on  the  horizontal  stabilizer  and  were  no  longer  measured.  The  largest  horizontal 
stabilizer  uploads  recorded  were  at  the  maximum  right  sideslip  angles  tested.  The 


largest  load  was  on  the  standard  stabilizer,  which  produced  a  bending  moment 
of  650  in.-lb  at  53  degrees  of  sideslip  at  47  KCAS  and  an  aft  eg  location.  In 
level  flight,  right  sideslip  between  20  and  25  degrees  decreased  the  downloads  to 
zero  for  all  stabilizer  configurations  tested.  Beyond  25  degrees  of  right  sideslip, 
uploads  were  produced  which  caused  a  nose-down  pitching  moment  on  the  aircraft. 
The  reduction  of  download  was  produced  by  both  the  positive  dihedral  angle  of 
the  stabilizer,  which  couples  angle  of  attack  with  sideslip,  and  the  outward 
movement  of  the  stabilizer  through  the  rotor  downwash. 

114.  Figures  50  through  55,  appendix  D,  also  show  the  angle-of-attack 
correlation  with  sideslip  and  stabilizer  loads.  The  upper  surface  spoiler  only  slightly 
reduced  these  loads,  because  the  stabilizer  is  in  a  high  three-dimensional  flow  region, 
and  the  drag  forces  acting  on  the  stabilizer  rapidly  increased  with  sideslip.  The 
addition  of  a  small  end  fence  to  spoil  the  spanwise  flow  also  showed  negligible 
effect  on  the  loads.  Figure  J  shows  the  load  variation  with  sideslip  generated  by 
the  primary  stabilizers.  Of  all  configurations  tested,  only  the  reduced-span  stabilizers 
significantly  reduced  the  uploads  produced  in  right  sideslip. 

Autorotational  Entry  Loads 

1 15.  Typical  behavior  of  the  stabilizer  loads  during  autorotational  entry  is  shown 
in  figure  K.  Analysis  of  the  loads  data  indicated  that  the  downloads  normally 
generated  during  level  flight  were  rapidly  reduced  and  became  uploads  within 
1  to  1.5  seconds  following  a  throttle  chop.  This  was  due  to  the  rapid  change 
of  stabilizer  angle  of  attack  discussed  in  paragraph  113.  Additionally,  a  lateral 
velocity  induced  by  the  yaw  rate  further  increases  the  effecl.ve  sideslip  angle. 
Following  the  initial  dynamic  effects,  the  rate  of  descent  begins  to  increase,  which 
tends  to  maintain  a  positive  angle  of  attack  when  steady  autorotation  is  achieved. 

116.  The  largest  stabilizer  load  variation  occurred  during  low-airspeed  entries. 
The  stabilizer  loads  data  indicated  that  the  stabilizer  briefly  stalled  at  a  positive 
angle  of  attack  in  peak  sideslip  during  entries  below  47  knots.  Above  47  KCAS, 
the  loads  varied  in  a  smoother  manner,  and  stalling  did  not  occur.  The  benefits 
from  stabilizer  stalling  were  offset  because,  at  the  high  positive  angles  of  attack, 
the  vertical  components  of  drag  became  quite  large.  For  this  reason,  the  addition 
of  a  spoiler  did  not  significantly  lower  the  load  variation  encountered  during  entries*. 


1 1 7.  The  reduced-chord  stabilizer  tended  to  reduce  the  uploads  achieved  during 
the  entry,  although  the  overall  load  variation  was  not  improved.  The  reduced-span 
configuration  significantly  reduced  the  initial  trim  loads  in  all  flight  conditions, 
and  thereby  reduced  the  overall  load  variation  during  the  entry.  The  nose-down 
pitching  during  entries  was  significantly  reduced,  particularly  when  initiated  from 
zero  sideslip.  The  loads  for  the  reduced-span  stabilizer  were  lowered  by  the 
25-percent  area  reduction  and  the  lower  lift  curve  slope. 


CHANGE  IN  FLAPWISE  BENDING  MOMENT 
-  £BM^__  ~  INCH-POUNDS 
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CALIBRATED 

AVG  DENSITY 

AVG  GROSS 

AVG  CG 

STABILIZER 

AIRSPEED 

ALTITUDE 

WEIGHT 

LOCATION 

SYMBOL  CONFIGURATION 

(KNOTS) 

(FEET) 

(POUNDS) 

(INCHES) 

-  STANDARD 

47 

4000 

1680 

96.3 

-  REDUCED  CHORD 

47 

4000 

1690 

96.2 

-  FINAL  REDUCED  SPAN 

47 

4150 

1670 

95.2 

a  .600 f - 1 - 1 - | - 1 - 1  1 
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LT  RT 

ANGLE  OF  SIDESLIP  -  DEGREES 


Figure  J.  Comparison  of  Horizontal  Stabilizer  Loading  with  Sideslip. 


Aft  iMisclagc  Tnfling 

118.  The  tufting  on  the  aft  fuselage  and  stabilizer  was  useful  in  determining 
the  direction  and  stability  of  the  airflow  and  the  airfoil  stalling  conditions.  The 
horizontal  stabilizer  stall  was  clearly  evident  from  the  tuft  movement.  The  tufts 
»  were  observed  from  a  chase  aircraft  and  were  recorded  by  a  movie  camera  installed 

on  the  test  helicopter.  During  steady  flight,  the  flow  was  generally  stable.  The 
standard  stabilizer  was  observed  to  stall  only  during  entries  below  47  KCAS  and 
for  a  short  period  of  time.  In  steady-state  autorotation,  climb,  and  level  flight 
(above  30  KCAS).  the  tufts  remained  attached  to  the  stabilizer.  Below  30  KCAS 
in  climb  or  level  flight,  the  standard  stabilizer  generally  appeared  to  be  stalled. 
The  tufts  were  not  installed  on  the  final  stabilizer  configuration. 
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119.  In  47-KCAS  level  flight  at  high  right  sideslip,  the  lateral  boundary  of  the 
rotor  wake  appeared  to  intersect  the  standard  horizontal  stabilizer.  When  this 
occurred,  an  aft  longitudinal  trim  change  was  noted  by  the  pilot.  The  reduced-span 
stabilizer  configurations  delayed  this  condition  by  requiring  a  higher  sideslip  angle 
to  achieve  the  same  degree  of  stabilizer  penetration  out  of  the  rotor  wake. 
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Figure  K.  Comparison  of  Horizontal  Stabilizer  Loads  During  an 
Autorotational  Entry. 


Local  Flow  Characteristics 


1 20.  During  the  flight  tests,  the  actual  wake  velocity  acting  at  the  flow  vane 
was  calculated,  as  discussed  in  appendix  C.  The  point  at  which  the  local  velocity 
(Vhs)  was  assumed  to  be  acting  was  at  the  flow-vane  location  (approximately 
10  inches  aft  and  28  inches  below  the  rotor  disc).  In  terms  of  nondimensional 
distances  from  the  rotor  shaft,  the  flow  vane  was  located  at  X/R  =  1.03, 
Y/R  =  0.053,  and  Z/R  =  0.185. 
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121.  In  figure  L  the  resultant  velocity  and  dynamic  pressure  ratios  are  shown 
in  forward  flight.  The  resultant  velocity  was  determined  by  dividing  the  measured 
local  velocity  by  dividing  the  measured  local  velocity  by  the  mean  value  predicted 
from  momentum  theory  (V').  The  dynamic  pressure  ratio  was  determined  by 
dividing  the  local  dynamic  pressure  by  the  free  stream  value,  as  discussed  in 
appendix  C.  These  data  were  obtained  with  the  reduced-span  stabilizer  installed, 
but  were  nearly  the  same  for  all  configurations  tested.  In  level  flight  and  climb, 
both  Vhs/V'  and  q/qo  are  shown  to  decrease  with  increasing  airspeed.  The  resultant 
velocity  ratio  indicates  that  momentum  theory  becomes  more  accurate  for 
predicting  the  local  velocity  in  these  flight  conditions  with  increasing  advance  ratio. 
In  autorotation,  the  resultant  velocity  ratio  remains  near  unity  for  all  flight  speeds, 
which  indicates  that  momentum  theory  is  also  accurate  in  autorotation. 

122.  The  trends  of  the  dynamic  pressure  ratio  in  level  flight  agreed  well  with 
data  from  a  full-scale  model  tested  in  the  Ames  wind  tunnel  in  1959  by  NACA 
(ref  8,  app  A).  The  wind  tunnel  data  indicated  that  the  dynamic  pressure  varied 
considerably  with  vertical  distance  from  the  rotor  disc.  Assuming  flapping  and 
coning  were  insignificant,  the  flight  test  data  indicated  higher  cynamic  pressure 
than  the  wind  tunnel  data,  when  compared  at  the  flow-vane  location  and  the  same 
advance  ratio.  However,  the  flight  test  data  were  obtained  at  a  higher  value  of 
both  thrust  coefficient  (Cj)  and  disc  loading,  which  are  expected  to  increase  the 
induced  velocity.  When  corrected  for  disc  load  variation,  at  an  advance  ratio 
of  0.14,  the  dynamic  pressure  ratios  were  calculated  to  be  very  close  to  the  flight 
test  values. 

123.  The  dynamic  pressure  in  autorotation  is  shown  to  be  reduced  from  the 
free  stream  value.  This  is  caused  by  the  induced  velocity  opposing  the  vertical 
component  of  airspeed  which  results  in  a  reduction  of  the  total  velocity  acting 
at  the  stabilizer.  This  effect  is  greatest  at  low  speeds  where  the  induced  velocity 
is  high. 

124.  During  steady  sideslips,  a  repeatable  downwash  profile  of  the  rotor  wake 
was  obtained  along  a  semicircle  behind  the  rotor  disc.  In  figure  M,  the  sideslip 
scale  was  correlated  with  the  equivalent  rotor  azimuth  position  on  the  bottom 
scale.  This  profile  was  not  directly  comparable  with  the  NACA  data  (ref  12,  app  A) 
because  the  referenced  data  were  for  straight  cross  sections  of  the  rotor  wake. 
However,  the  general  trend  observed  was  also  similar.  One  significant  difference 
from  the  wind  tunnel  data  was  that  the  flight  measured  downwash  profile  was 
slightly  shifted  to  the  left.  The  NACA  data  indicated  that  the  vorticity  at  the 
boundary  of  the  rotor  wake  induces  a  strong  lateral  velocity  at  rotor  azimuth 
positions  over  30  degrees.  This  lateral  velocity  was  not  accounted  for  in  the  data 
reduction,  and  is  the  primary  reason  for  the  divergence  of  the  test  results  from 
the  wind  tunnel  data  in  figure  M. 
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Figure  L.  Flow  Characteristics  at  the  Flow-Vane  Location  in  Forward  Flight. 
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!  25.  Figure  M  also  shows  that  aft  eg  movement  tended  to  reduce  the  resultant 
velocity  and  dynamic  pressure  ratios.  This  was  caused  by  the  rotor  flapping  forward 
away  from  the  stabilizer,  which  puts  the  stabilizer  in  a  lower  induced  velocity 
region.  This  again  agrees  with  the  NACA  data  which  show  that  the  dynamic  pressure 
rapidly  changes  with  vertical  displacement  from  the  rotor  disc.  Figure  3. 
appendix  C,  shows  lines  of  constant  dynamic  pressure  extracted  from  the  NACA 
data.  The  approximate  location  of  the  TH-55A  horizontal  stabilizer  is  shown  in 
the  pressure  field.  The  influence  of  the  stabilizer  on  the  pressure  field  is  not 
accounted  for  in  the  data;  however,  the  flow  vane  was  actually  located  ahead  of 
the  stabilizer.  The  forward  location  should  minimize  errors  resulting  from  the 
stabilizer  influence  on  the  pressure  contours. 

Aerodynamic  Coefficients 

126.  The  resulting  lift  curves  and  drag  polars  obtained  from  the  analysis  in 
appendix  C  for  the  standard,  reduced-chord,  and  final  reduced-span  stabilizers  are 
shown  in  figures  N,  O,  and  P.  The  curves  are  based  on  data  obtained  from  steady 
climb,  level  flight,  and  autorotational  flight.  The  negative  values  of  angle  of  attack 
were  obtained  in  level  flight  and  climb,  and  a  positive  angle  of  attack  was  obtained 
in  autorotation.  These  data  were  obtained  at  aircraft  trim  conditions  which  the 
pilot  had  established,  determined  from  reference  to  a  tum-and-bank  indicator.  The 
results  show  that  the  sideslip  angle  at  the  trim  conditions  was  generally  highest 
at  low  airspeeds  and  decreased  with  increasing  forward  speed.  Even  at  zero  sideslip, 
the  vertical  velocity  component  causes  spanwise  flow  to  occur  on  the  horizontal 
stabilizer.  Therefore,  the  flight  test  lift  curve  slope  should  be  lower  than  the  wind 
tunnel  data. 
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Figure  P.  Lift  Curve  and  Drag  Polar  for  the  Horizontal  Stabilizer 
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127.  The  average  lift  curve  slope  calculated  from  the  flight  data  was  normally 
slightly  lower  than  NACA  wind  tunnel  data  for  isolated  tail  surfaces  (ref  13. 
app  A).  The  lift  curve  slopes  obtained  for  the  primary  configurations  are  shown 
in  table  15.  From  theory,  the  lift  curve  slope  should  decrease  for  lower  values 
of  aspect  ratio,  and  this  was  found  to  be  the  case  for  the  test  data.  Although 
both  the  reduced-chord  and  21 -inch-span  stabilizers  have  the  same  planform  area, 
the  reduced-chord  stabilizer  resulted  in  only  slightly  lower  measured  loads,  while 
the  reduced-span  stabilizer  significantly  reduced  the  measured  loads.  This  was  also 
shown  by  the  lift  curve  slopes  where  the  highest  aspect  ratio  configuration  produced 
the  highest  lift  curve  slope  and  lowered  the  apparent  stall  angle. 


Table  15.  Comparison  of  Horizontal  Stabilizer  Lift  Coefficients. 


Stabilizer 

Configuration 

Aspect 

Ratio 

Mean  Aerodynamic  Lift 

Curve  Slope 

NACA  TN  1291 
Data1 

Flight  Test 
Data 

Standard 

1.67 

0.034 

0.027 

Reduced  chord 

2.2 

0.039 

0.030 

Reduced  chord /spoiler 

2.2 

20.039 

0.025 

Final  reduced 
span/ spoiler 

1.25 

z0.029 

0.020 

!Mean  aerodynamic  lift  curve  slope  (C^  )  data  based  on  average 
of  experimental  wind  tunnel  values,  a 
zThese  data  do  not  reflect  a  spoiler  installation. 


1 28.  The  slope  of  the  lift  curve  from  flight  test  data  appeared  to  be  nonlinear 
beyond  a  2(klegrce  angle  of  attack.  In  this  region  of  the  curve,  the  data  were 
collected  in  low-speed  level  flight  or  climb.  The  measured  flow  data  indicated  that 
under  these  conditions  the  largest  spanwise  flow  occurred,  and  the  lift  curve  slope 
would  be  expected  to  be  reduced  from  sweptwing  theory. 

129.  Figure  P  shows  that  the  installation  of  a  spoiler  on  the  upper  surface 
significantly  lowered  the  stall  angle  for  positive  angles  of  attack  which  would  reduce 
the  uploads  generated  in  autorotation.  At  negative  angles  of  attack,  it  also  lowered 
both  the  lift  curve  slope  and  maximum  lift  coefficient.  This  had  the  effect  of 
reducing  the  downloads  in  level  flight  and  climb,  which  considerably  reduced  the 
overall  load  change  over  the  clean  airfoil  configuration. 


1 30.  The  drag  coefficient  polars  are  also  shown  in  the  lift  curve  figures.  Generally, 
the  results  were  predictable.  The  drag  coefficient  for  the  reduced-chord 
configuration  (with  its  thick  trailing  edge)  was  nearly  twice  the  value  of  the  standard 
stabilizer  at  all  values  of  lift  prior  to  stall.  As  shown  by  the  dashed  line  in  figure  O, 
the  addition  of  the  spoiler  further  increased  the  drag  coefficient.  On  the 
reduced-chord  and  reduced-span  configurations  (figs.  O  and  P),  the  rapid  increase 
in  drag  due  to  spoiler-induced  stall  at  positive  angle  of  attack  was  observed. 

131.  The  two-dimensional  drag  coefficient  for  clean  airfoils  calculated  by 
conventional  theory  (ref  14,  app  A)  is  shown  in  the  drag  polar  figures.  At  low 
values  of  lift,  the  drag  coefficient  was  not  accurately  calculated  by  the  flight  test 
analysis.  The  profile  drag  coefficient  appeared  to  be  two  or  three  times  larger  than 
theory.  This  was  primarily  due  to  the  low  value  of  drag  loading  under  these 
conditions,  which  was  within  the  accuracy  of  the  measured  chordwise  bending 
moment.  However,  the  trends  appeared  to  be  valid,  and  the  values  calculated  from 
the  flight  data  became  more  accurate  at  higher  values  of  lift.  It  seems  reasonable 
that  the  drag  coefficient  would  be  higher  (particularly  for  the  spoiler  and 
blunt-trailing-edge  configurations)  than  the  theoretical  values  determined  from 
steady  flow  and  clean  airfoil  conditions. 


WEIGHT  AND  BALANCE 

132.  The  weight  and  balance  were  determined  before  and  after  the 
instrumentation  package  was  installed.  The  instrumentation  added  276  pounds  to 
the  empty  weight  of  the  aircraft,  and  when  combined  with  the  other  required 
mission  equipment,  made  testing  at  other  than  maximum  gross  weight  impractical. 
A  configuration  for  both  a  forward  and  aft  eg  location  at  maximum  gross  weight 
was  determined.  The  aft  eg  limit  (FS  100)  was  attained  by  locating  35  pounds 
of  lead  ballast  on'  the  tail-boom  saddle  point.  Weight  and  balance  data  for  each 
test  condition  were  calculated  from  the  amount  of  fuel  on  board  and  the  basic 
weight  data. 


AIRSPEED  CALIBRATION 

133.  The  standard  TH-55A  pitot-static  system  with  a  sensitive  airspeed  indicator 
was  used  to  obtain  the  airspeed  data.  This  system  was  calibrated  by  a  pace  aircraft 
and  ground  speed  course  methods.  The  pace  aircraft  (OH-58A)  was  used  to  obtain 
data  in  level,  climb,  and  descending  flight  conditions;  and  the  ground  speed  course 
was  used  to  check  the  level  flight  data.  The  tests  were  conducted  with  doors  on 
at  maximum  gross  weight  and  a  forward  eg  location.  The  rotor  speed  was  483  rpm, 
and  the  density  altitude  was  4400  feet  for  the  pace  tests  and  2400  feet  for  the 
ground  speed  course  tests.  All  tests  were  conducted  out  of  ground  effect. 

134.  The  resulting  airspeed  calibration  is  shown  in  figure  56,  appendix  D.  The 
position  error  in  level  flight  in  AFFTC-TR-60-2  (ref  15,  app  A)  was  found  to 
be  similar.  Below  60  KCAS,  the  position  error  in  climb  and  autorotation  varied 
from  the  level  flight  results. 
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CONCLUSIONS 


STABILIZER  DEVELOPMENT  (PHASE  I) 

135.  The  21 -inch-span  stabilizer  with  a  full-span  upper-leading-edge  spoiler  was 
determined  to  be  the  optimum  interim  stabilizer  configuiation  for  the  Army  training 
mission  (para  31). 

136.  The  initial  sideslip  was  determined  to  significantly  affect  the  nose-down 
pitching  moment  generated  during  an  autorotational  entry  (paras  51  and  67). 

137.  The  use  of  the  pedal  position  indicator  to  maintain  low  sideslip  angles  in 
normal  flight  minimized  the  nose-down  pitching  moment  generated  during 
autorotational  entry  (para  54). 

138.  The  final  reduced-span  stabilizer  degraded  the  dynamic  lateral-directional 
stability  characteristics  (para  60). 

139.  Removal  of  the  canopy  slat  degraded  the  static  and  dynamic  stability 
characteristics.  However,  the  aircraft  was  controllable  and  can  be  safely  flown 
(paras  48,  51,  52,  58,  60,  and  61). 


STABILIZER  QUALIFICATION  (PHASE  II) 

140.  The  TH-55A  was  determined  to  have  adequate  handling  qualities 
characteristics  when  equipped  with  the  21 -inch-span  horizontal  stabilizer  developed 
in  the  Phase  I  testing  (paras  74  through  95). 

141 .  The  undamped  dynamic  directional  stability  characteristic  at  airspeeds  below 
56  KCAS  in  the  aft  eg  configuration  was  a  shortcoming,  with  no  correction 
required.  However,  the  pilot  workload  may  be  reduced  by  limiting  the  aft  eg 
location  to  FS  98.1  for  normal  operation  (para  92). 

142.  The  final  reduced-span  stabilizer  was  structurally  acceptable  for  the  full 
flight  envelope  contained  in  the  1967  Hughes  TH-55A  owner's  manual  (para  98). 
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RECOMMENDATIONS 


STABILIZER  DEVELOPMENT  (PHASE  II 

143.  The  standard  stabilizer  should  be  reduced  by  7  inches  and  a  full-span  spoiler 
added  to  the  upper  leading  edge.  The  spoiler  location  should  be  the  same  as  for 
the  test  and  demonstration  flights  (para  31). 

144.  The  longitudinal  cyclic  control  should  be  rigged  to  allow  for  the 
maximum-allowable  aft  displacement  (para  34). 

145.  The  pedal  position  indicator  should  be  installed  to  prevent  flying  with  any 
appreciable  sideslip  (para  54). 


STABILIZER  QUALIFICATION  (PHASE  II) 

146.  The  standard  TH-55A  operational  flight  envelope  may  be  used  for  the 
aircraft  equipped  with  the  final  reduced-span  stabilizer,  except  that  the  maximum 
aft  eg  location  should  be  limited  to  98.1  inches  to  reduce  pilot  workload  in  normal 
operation. 

147.  If  the  new  stabilizer  exhibits  a  significantly  reduced  fatigue  life  during 
operational  experience,  the  natural  frequency  of  the  stabilizer  should  be  reduced 
by  tip  weighting  (para  104). 
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APPENDIX  B.  TEST  INSTRUMENTATION 


GENERAL 

I .  The  test  instrumentation  was  installed  and  maintained  by  the  Instrumentation 
and  Calibration  Division  of  USAASTA.  The  strain  gaging  on  the  various  stabilizers 
was  provided  under  contract  by  the  Hughes  Tool  Company.  Due  to  space 
limitations,  the  left  seat  was  removed  and  the  oscillograph  and  basic  instrumentation 
package  were  mounted  in  its  position.  A  movie  camera  was  also  mounted  above 
the  oscillograph  at  the  pilot's  eye  level  so  that  it  could  either  take  pictures  of 
the  instrument  panel  and  horizon,  or  be  reversed  to  photograph  the  tail  boom 
and  horizon  stabilizer. 


TEST  PARAMETERS 

2.  The  instrumentation  was  calibrated  by  standard  USAASTA  and  Air  Force 
calibration  laboratory  procedures  prior  to  commencing  the  test  program.  The 
primary  data  sources  consisted  of  sensitive  instrumentation  on  the  pilot  panel 
(fig.  1)  and  the  oscillograph  parameters.  The  instrumented  stabilizer  and  flow 
vane  are  shown  in .  figure  2.  Since  only  one  seat  was  in  the  test  aircraft,  the  pilot 
read  the  test  condition  data  over  the  radio,  and  they  were  recorded  by  the  engineer 
in  a  chase  aircraft.  The  instrumentation  was  recalibrated  prior  to  the  Phase  il 
testing. 

3.  The  following  instrumentation  was  provided: 

Pilot  Panel 


Sensitive  airspeed  (ship's  system) 
Sensitive  altimeter  (ship's  system) 
Sensitive  rotor  tachometer 
Sensitive  manifold  pressure  gage 
Sideslip  indicator  (boom  mounted) 
Longitudinal  cyclic  position 
Lateral  cyclic  position 
Collective  stick  position 
Pedal  position 
Vertical  accelerometer 

Oacillograph 

Longitudinal  control  position 
Lateral  control  position 
Collective  control  position 
Directional  control  position 
Engine  manifold  pressure 
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Rotor  speed 
Sideslip 

Horizontal  stabilizer  angle  of  attack 
Flapwise  bending  moment  on  horizontal  stabilizer 
Flapwise  bending  moment  on  vertical  stabilizer 
Chordwise  bending  moment  on  horizontal  stabilizer 
Normal  acceleration  (eg) 

Longitudinal  acceleration  (eg) 

Lateral  acceleration  (eg) 

Pitch  attitude 
Roll  attitude 
Yaw  attitude 
Pitch  rate 
Roll  rate 
Yaw  rate 

4.  The  reference  body  stations  for  the  TH-55A  are  shown  in  figure  3  and  the 
locations  of  the  instrumentation  sensors  are  as  follows: 

Instrumentation 


Sideslip  vane:  FS  -4.0,  WL  1.0,  BL  -26.0 

Vertical  accelerometer  (cockpit):.  FS  52.0,  WL  28.0,  BL  14.0 

Vertical,  lateral,  and  longitudinal  accelerometers: 

FS  88.0,  WL  24.0,  BL  -4.0 
Attitude  gyros:  FS  64.0,  WI.  20.0,  BL  -15.0 
Rate  gyros:  FS  64.0,  WL  26.0,  BL-15.0 
Horizontal  stabilizer  angle-of-attack  vane: 

FS  256.0,  WL  50.0,  BL  8.0 

Horizontal  stabilizer  strain  gages:  FS  272.0,  WL  50.0,  BL  8.0 


Figure  3.  Reference  Body  Stations  for  the  TH-55A. 
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APPENDIX  C.  TEST  TECHNIQUES 

AND  DATA  ANALYSIS  METHODS 


WAKE  VELOCITY  EQUATIONS 

1.  The  TH-55A  stabilizer  is  located  in  the  flow  below  the  aft  quarter  of  the 

rotor  disc,  which  is  very  complex  and  difficult  to  predict  by  analytical  methods 
(ref  12,  app  A).  In  addition  to  the  basic  rotor,  the  flow  acting  at  the  stabilizer 
could  be  influenced  by  the  tail  rotor  inflow  and  fuselage  interference.  The  stabilizer 
is  mounted  at  a  positive  dihedral  angle  (7hs)  35  degrees,  which  further 

complicates  the  spanwise  flow  conditions.  The  equations  required  for  calculating 
the  induced  velocity  and  dynamic  pressure  acting  at  the  horizontal  stabilizer  from 
the  measured  parameters  of  true  airspeed,  fuselage  pitch,  and  sideslip  are  derived 
below.  Since  the  TH-55A  can  easily  be  flown  with  a  significant  amount  of  sideslip, 
three-dimensional  equations  were  required  to  define  the  airflow  about  the  stabilizer. 
The  following  simplifying  assumptions  were  required  to  establish  the  flow  model: 

a.  Only  steady-state  forward  flight  conditions  were  used  in  order  to  omit 
aircraft  rotational  velocity  terms. 

b.  Fuselage  interference  effects  on  the  free  airstream  were  assumed  to  be 
negligible  at  the  flow-vane  location. 

c.  The  summation  of  tail  rotor  induced  inflow  and  main  rotor  circulation 
were  assumed  negligible. 

d.  The  induced  velocity  (Vf)  was  parallel  to  the  shaft  axis,  which  assumed 
that  main  rotor  flapping  was  negligible.  (Calculations  indicated  that  the  flapping 
angle  varied  2  degrees  at  a  forward  eg  to  5  degrees  at  an  aft  eg  in  50-knot  level 
flight.) 

e.  The  fuselage  angle  of  attack  (af)  was  not  measured  and  was  assumed 
to  be  equal  to  pitch  during  level  flight. 

2.  To  determine  af  during  climb  or  autorotation,  the  flight-path  angle  was 
calculated  from  true  airspeed  (Vy)  and  rate  of  climb  (R/C).  The  R/C  was  calculated 
from  energy  theory  by  multiplying  the  difference  between  climb  and  level  flight 
power  required  (ASHP)  by  a  power  correction  factor  (Kp)  and  dividing  by  the 
gross  weight  (WT).  From  a  previous  USAASTA  test  program  (ref  1,  app  A),  Kp 
was  determined  to  be  0.878  in  climb  for  the  TH-55A.  The  flight-path  angle  was 
then  calculated  and  subtracted  from  the  pitch  angle  to  give  af,  as  shown  in 
equation  1 : 


a.f  =  0  -  sin  * 


Kp  *  ASHP  *  550  ^ 

VT  *  WT  *  1.688  J 


J 


3.  Figure  1  shows  a  sketch  of  the  basic  flow  conditions  assumed  in  low-speed 
level  flight  which  was  based  on  previous  NACA  flow  studies  (ref  12,  app  A).  The 
portion  of  the  flow  field  which  affects  the  stabilizer  is  shown  by  the  black  arrows. 
From  momentum  theory,  the  airstream  encounters  the  rotor  at  velocity  Vj  and 
is  deflected  downward  by  the  induced  velocity  resulting  in  a  final  velocity,  V'. 
This  analysis  is  based  on  uniform  disc  loading  and  represents  only  an  average  value 
across  the  rotor  wake.  The  actual  induced  velocity  and  deflection  angle  are  known 
to  vary  at  any  point  in  the  rotor  wake.  Therefore,  a  flow  vane  was  used  to  determine 
the  free  stream  deflection  at  the  horizontal  stabilizer  location,  and  the  resultant 
velocity  (Vhs)  required  to  cause  that  deflection  was  calculated  as  discussed  below. 


Flow  Vane 


<3—  <3 —  ^ —  <3 —  ^ ^ — 
4m\L&-  O- 
4-  <3- 

-  <3-  <3- 

^<3- <3-  <3— 
vi__ >3—  <}—  ^ —  •<! — 
Jet  «3-  * 

It 


<3-  <— 


Figure  1.  Flow  Field  Assumed  in  Level  Fli^it. 

4.  The  airspeed  components  of  the  free  stream  velocity  acting  along  the  body 
axis  coordinate  system  are  shown  at  the  flow-vane  location  in  figure  2.  Since  the 
TH-55A  shaft  axis  system  is  essentially  aligned  with  the  vertical  body  axis,  the 
induced  velocity  is  shown  parallel  to  the  vertical  body  axis.  Therefore,  the  local 
induced  velocity  (W)  may  be  vectorally  summed  with  the  free  stream  airspeed  to 
obtain  the  total  velocity  acting  at  the  horizontal  stabilizer  (Vhs).  This  also  relates 
the  stabilizer  angle  of  attack  (ahs)  to  the  induced  velocity,  as  shown  in  figure  2, 
and  a  mathematical  relationship  was  derived. 
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Figure  2.  Components  of  Airspeed  Acting  on  the  Flow  Vane. 


5.  Assuming  negligible  losses  in  free  stream  dynamic  pressure  from  the  flow  over 
the  fuselage,  the  components  of  velocity  at  the  stabilizer  were  defined  for 
steady-state  flight  by  equations  2,  3,  4,  and  5  below.  Although  the  aircraft 
rotational  velocity  terms  arc  eliminated  in  this  condition,  they  can  be  included, 
if  dynamic  flight  conditions  were  considered  (ref  16,  app  A).  The  angle  (a'f)  in 
these  equations  is  the  angle  between  the  airspeed  vector  and  the  waterline  plane 
of  the  fuselage  and  is  required  since  af  and  0f  are  defined  in  the  xz  and  xy  planes 
of  the  fuselage  axis  system. 

aj.  =  tan  * 


ASx  ASt 


AS  =  AS, 

y  t 

AS  =  AS 
zt  ' 

Where:  a^.  =  aircraft  angle  of  attack 

=  aircraft  angle  of  sideslip 
AS  =  total  vertical  component  of  flow 


^tan  dj.  cos 

(2) 

*  cos  aj. 

COS 

(3) 

*  cos  aj. 

sin 

(4) 

*  sin  aj. 

-  W 

(5) 

6.  In  the  above  equations,  the  induecd  wake  velocity  (W)is  unknown.  Therefore, 
W  was  calculated  from  the  measured  value  of  a^g.  Since  d^g  was  measured  in 
the  stabilizer  axis  system,  the  body  axis  airspeed  components  were  rotated  through 
aj,s  into  the  stabilizer  axis  system.  For  simplicity,  the  stabilizer  angle  of  incidence 
(aj)  was  subtracted  from  dj,s  rather  than  rotating  the  airspeed  components  through 


dj  into  the  stabilizer  axes. 

AShs  = 

X 

AS 

X 

(6) 

AS. 
h  y 

Asy  ’ 

cos  ^hs 

■  ASZ  *  sin  T'hs 

(7) 

AShs  - 

Z 

AS  * 
Zt 

cos  7hs 

+  ASy  *  sin 

(8) 

The  stabilizer  angle  of  attack  (a^g)  and  angle  of  sideslip  (/3j,s)  were  then  related 
to  the  horizontal  stabilizer  axes  airspeed  components  by  equations  9  and  10.  Since 
dj  is  small  (4.5  degrees),  its  effect  on  AShsx  in  equation  10  was  assumed  to  be 
negligible. 


8.  By  substitution  of  equations  3,  4,  5,  6,  and  8  in  equation  9,  a  solution  for  W 
was  obtained: 


* 


tan 


Ths  *  AS7 


*  lan  (ahs 


cos 


^hs 


(ID 


9.  Since  W  was  the  only  unknown  term  in  equation  5,  the  total  velocity  acting 
at  the  flow  vane  can  be  calculated  as  shown  below: 


j  2  %  1/2 

+  ASy  +  AS_ 


0 


(12) 
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10  The  dynamic  pressure  acting  at  the  How  vane  wqs  then  determined  by  the 
usual  relation  ( ie ,  qhs  =  i/2  pV£,s).  The  local  dynamic  pressure  ratio  was  obtained 
by  dividing  by  the  free  stream  dynamic  pressure  (qQ),  as  shown  by  equation  13: 


Dynamic  pressure  ratio 


=  = 


hs 

AS[ 


(13) 


11.  The  resultant  velocity  ratio  was  determined  by  dividing  the  local  resultant 
velocity,  Vj^,  by  V',  as  shown  in  equation  14: 


Resultant  velocity  ratio  =  Vv' 


(14) 


Aerodynamic  Loading  Equations 

1 2.  The  aerodynamic  loading  of  the  horizontal  stabilizer  was  calculated  from  data 
generated  by  strain  gages  mounted  to  measure  both  flapwise  and  chordwise  bending 
moments.  To  generalize  the  aerodynamic  loading  data,  the  bending  moments 
measured  in  flight  were  reduced  to  aerodynamic  coefficients  of  lift  and  drag.  The 
equations  required  to  calculate  these  parameters  are  derived  below.  Initial  reduction 
of  the  data  indicated  that  a  large  error  in  the  analysis  was  encountered  at  forward 
airspeeds  below  40  knots.  In  this  speed  region,  very  high  angles  of  attack  were 
generated,  and  tufting  placed  on  the  stabilizer  showed  that  stall  was  occurring  below 
25  knots.  The  values  of  Cl  were  very  high  and  resulted  in  a  sharp  upturn  of 
the  lift  curve  prior  to  stall.  The  reason  for  this  departure  was  determined  from 
wind  tunnel  data  (ref  8,  app  A)  and  is  discussed  below.  The  primary  assumptions 
required  to  obtain  lift  and  drag  from  the  measured  bending  moments  were  as 
follows: 

a.  The  spanwise  center-of-pressure  (CP)  location  could  be  estimated  from 
the  dynamic  pressure  distributions  determined  from  previous  NACA  wind  tunnel 
tests  (ref  12,  app  A),  such  as  figure  3.  The  assumption  was  made  that  the 
distributions,  but  not  necessarily  the  magnitudes,  were  correct.  The  chordwise  CP 
location  was  assumed  to  be  at  25-percent  span. 

b.  The  dynamic  pressure  calculated  from  represented  the  mean  dynamic 
pressure  when_corrected  for  the  spanwise  pressure  variation  shown  in  the  wind 
tunnel  data  (qhs  =  q^s  +  qc)- 

c.  The  flow-vane  angle  represented  the  mean  angle  of  attack  of  the 
horizontal  stabilizer. 


1 

i 


Figure  3.  Contours  of  the  Dynamic  Pressure  Ratio  in  the  Vicinity  of 
the  Horizontal  Stabilizer  in  Forward  Flight. 


13.  Using  the  measured  stabilizer  bending  moments  and  flow-vane  data,  the  lift 
(Lhs)  and  drag  (Dhs)  acting  on  the  stabilizer  were  calculated  by  first  determining 
the  spanwise  aerodynamic  center.  The  wind  tunnel  data  show  that  at  the  stabilizer 
location  during  low-speed  forward  flight  (jx  <  0.14),  the  dynamic  pressure  is 
greatest  just  below  the  main  rotor  disc  and  decreases  with  distance  below  the  disc. 
Under  these  conditions,  higher  loading  would  be  generated  on  the  outboard  sections, 
effectively  moving  the  aerodynamic  center  outboard.  The  spanwise  variation  of 
dynamic  pressure  was  determined  from  these  data,  and  the  approximate  CP  location 
was  assumed  to  be  at  the  centroid  of  the  resulting  distribution.  This  procedure 
was  used  for  three  advance  ratios  provided  in  the  NACA  data,  and  the  results 
are  shown  in  figure  4.  The  pressure  distribution  was  found  to  be  insignificant  at 
advance  ratios  above  0.14  (approximately  50  knots  in  the  TH-55A).  Above  this 
speed,  where  the  stabilizer  was  located  in  a  nearly  uniform  dynamic  pressure  region, 
the  CP  was  assumed  to  be  at  50-percent  span. 
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NOTE:  Data  baaed  on  pressure  contours 
presented  in  reference  8,  appendix  A. 


Figure  4.  Spanwise  Center-of-Pressure  Variation  on  the 
Horizontal  Stabilizer  in  Forward  Flight. 


14.  The  dynamic  pressure  distribution  also  implied  that  the  flow  vane  was  not 
sensing  the  mean  dynamic  pressure  (q)  at  advance  ratios  below  0.14.  Since  the 
dynamic  pressure  variation  was  known,  the  dynamic  pressure  calculated  at  the  flow 
vane  was  corrected  to  the  mean  dynamic  pressure  acting  at  the  CP  location.  This 
Correction  factor  was  also  determined  as  a  function  of  advance  ratio  from  the 
wind  tunnel  data  (ref  8,  app  A),  and  the  results  are  shown  in  figure  5. 

NOTE:  Data  baaed  on  pressure  contours  presented 
in  reference  8,  appendix  A. 
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15.  The  equations  for  calculating  lift  and  drag  on  the  stabilizer  were  then  derived 
from  figure  6.  The  equations  were  simplified  by  solving  the  force  balance  in  the 
stabilizer  axis  system  to  eliminate  spanwise  force  from  the  flapwise  moment 
equation.  The  vertical  and  longitudinal  forces  acting  on  the  stabilizer  were  calculated 
at  the  previously  determined  CP  location  (Lcp)  using  equations  15  and  16: 


Figure  6.  Airloads  Acting  on  the  Horizontal  Stabilizer 
in  Forward  Flight. 


(15) 


BM 

F  =  — 
z  L 


fw 


cp 


Where:  BMj-w  =  flapwise  bending  moment 


BM 

F  =  — 
x  L 


cw 


cp 


Where:  BM  =  chordwise  bending  moment 

cw 


(16) 


16.  Figure  6  shows  that  by  definition,  the  lift  force  acts  perpendicular  to  the 
airflow  while  the  drag  force  acts  parallel  with  it.  The  angle  of  impingement  between 
the  flow  and  the  chordline  (a^s)  was  determined  from  ahs  and  j3hs  (calculated 
from  equation  10)  in  equation  17. 

“hs  * ,an''  (,an  ahS  cos  O  <l7> 


17.  The  equations  for  lift  and  drag  were  derived  by  simultaneous  solution  of  the 
equations  determined  from  the  vertical  and  horizontal  summation  of  the  forces 
illustrated  in  figure  6.  This  relationship  is  provided  in  equations  18  and  19. 


18.  The  coefficients  of  lift  and  drag  were 
and  19  as  follows: 


C,  = 


= 


D 


hs 
S  q 

^hs 

S  'q 


then  calculated  from  equations  18 

(20) 

(21) 
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APPENDIX  P.  TEST  DATA 

INDEX 

Figure  Figure  Number 


STABILIZER  DEVELOPMENT  DATA  (PHASE  II 
Handling  Qualities 


Controllability 

1  through  3 

Control  Positions  in  Forward  Flight 

4  through  8 

Control  Trim  Shift  Summary 

9  and  10 

Static  Longitudinal  Stability 

1 1  through  1 5 

Static  Longitudinal  Stability  Summary 

16 

Static  Lateral-Directional  Stability 

17  through  21 

Autorotational  Entries 

Typical  Entries 

22  through  29 

Rotor  Decay  Rates 

30 

STABILIZER  QUALIFICATION  DATA  (PHASE  II) 
Handling  Qualities 


Control  Positions  in  Rearward  Flight  31 

Control  Positions  in  Sideward  Flight  32 

Control  Positions  in  Forward  Flight  33  and  34 

Static  Longitudinal  Stability  35  through  37 

Static  Lateral-Directional  Stability  38  and  39 

Dynamic  Lateral-Directional  Stability  40 

Maneuvering  Stability  41 


MISCELLANEOUS 
Horizontal  Stabilizer  Loads 


Basic  Forward  Flight  Loads 

Basic  Lateral-Directional  Flight  Loads 

Airspeed  Calibration 


42  through  49 
50  through  55 
56 
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APPENDIX  E.  SYMBOLS  AND  ABBREVIATIONS 


Abbreviation 

Definition 

Unit 

ALT 

Altitude 

foot 

AVG 

Average 

- 

BL 

Buttline 

inch 

CG,  eg 

Center  of  gravity 

- 

COND 

Condition 

- 

FLT 

Flight 

- 

FS 

Fuselage  station 

inch 

ft 

Foot,  feet 

foot 

FWD,  fwd 

Forward 

- 

G,  g 

Acceleration 

ft/sec2 

GRWT,  grwt 

Gross  weight 

pound 

HS 

Horizontal  stabilizer 

- 

Hz 

Hertz 

Hz 

in. 

Inch,  inches 

inch 

KCAS 

Knots  calibrated  airspeed 

knot 

KIAS 

Knots  indicated  airspeed 

knot 

KTAS 

Knots  true  airspeed 

knot 

LAT 

Lateral  (right/left) 

- 

LB,  lb 

Pound,  pounds 

pound 

LONG. 

Longitudinal  (fore/aft) 

- 

LT 

Left 

- 

MAX,  max 

Maximum 

— 

Minimum 


f 


) 


i 


MIN,  min 

MP 

NL 

NU 

OGE 

R/C 

R/D 

Ref 

RPM 

RT 

SEC,  sec 

SL 

S/N 

SI  D,  std 
SYM 
VERT 
WL 

Symbol 

AR 

ASt 

ASX 

ASy 


Manifold  pressure  in. /mg 

Nose  left  - 

Nose  up  - 

Out  of  ground  effect  - 

Rate  of  climb  ft/min 

Rate  of  descent  ft/min 

Reference  - 

Revolutions  per  minute  - 

Right  - 

Second  - 

Sea  level  - 

Serial  number 
Standard 

Symbol  - 

Vertical  (up/down)  - 

Water  line  inch 

Definition  Unit 

Aspect  ratio  of  horizontal 
stabilizer  *  b/c 

True  airspeed  vector  ft/sec 

Component  of  ASt  along  aircraft 
longitudinal  axis  (positive  aft)  ft/sec 

Component  of  ASt  along  aircraft 

lateral  axis  (positive  left)  ft/sec 
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Component  of  AS^  along  aircraft 
vertical  axis  (positive  up) 


ft/sec 


ASZ 


ASzt 


Total  vertical  component  of 
airspeed  at  the  flow  vane 


ft/sec 


AShsx 

Component  of  ASf  along  horizontal 
stabilizer  chord  wise  axis 
(positive  aft) 

ft/sec 

AShsy 

Component  of  ASj  along  horizontal 
stabilizer  spanwise  axis  (positive  left) 

ft/sec 

AShsz 

Component  of  ASf  along  horizontal 
stabilizer  vertical  axis  (positive  up) 

ft/sec 

b 

Span  of  horizontal  stabilizer 

in. 

BMCW 

Chordwise  bending  moment  about  the 
horizontal  stabilizer  root  (positive  aft) 

in  .-lb 

BMfw 

Flapwise  bending  moment  about  the 
horizontal  stabilizer  root  (positive  up) 

in.-lb 

c 

Chord  of  horizontal  stabilizer 

inch 

CD 

Coefficient  of  drag  of  horizontal 
stabilizer 

Lift  curve  slope 


/  deg 


Cp 


Center  of  pressure  or 

aerodynamic  center  %  span 


cT 


^hs 

Fx 

F  z 

hd 


Rotor  thrust 

coefficient  =  T/(p(ftR)2ffR2 

Drag  force  on  horizontal  stabilizer 
(positive  aft)  lb 

Chord  wise  force  acting  on  horizontal 
stabilizer  CP  (positive  aft)  lb 

Flapwic**  force  acting  on  horizontal 
stabilizer  CP  (positive  up)  lb 

Density  altitude  ft 


ISO 


Hp 

KP 

LCp 

^hs 


j 


q 

q 


qc 


qQ 


R 


Pressure  altitude 

ft 

Power  correction  factor 

- 

Length  of  stabilizer  to  CP 

in. 

Lift  force  on  horizontal  stabilizer 
(positive  up) 

lb 

Dynamic  pressure  at  flow  vane 
location  =  1/2  pV^s 

lb/ft2 

Mean  dynamic  pressure  on  horizontal 
stabilizer  =  l/2pV^s 

lb/ft2 

Dynamic  pressure  correction  required 
to  go  from_flow  vane  to  center  of 
pressure  =  q  -  q 

lb/ft2 

Free  stream  dynamic 
pressure  =  l/2pAS^ 

lb/ft2 

Rotor  radius 

ft 

s 


Plan  form  area  of  horizontal 

stabilizer  =  b  x  c/144  ft2 


i 


V' 

Resultant  rotor  wake 
velocity  *  f2R^/p2  +  X 2 

ft/sce 

^cal 

Calibrated  airspeed 

knot 

Vhs 

Flow  velocity  at  the  flow  vane 
location 

ft/sec 

^hs 

Mean  flow  velocity  at  the  horizontal 
stabilizer  center  of  pressure 

ft/sec 

vH 

Maximum  airspeed  for  level  flight 

knot 

Vi 

Mean  induced  velocity  of  main 
rotor  ~  nRCj/2\/XJ  +  p2 

ft/sec 

Vmax 

Maximum-possible  airspeed  in 
level  flight 

knot 

Vmax  R/C 

Airspeed  for  maximum  rate  of  climb 

knot 
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^min  R/D 

VNE 

Vj 

W 

X/R 

Y/R 

Z/R 

af 

af 

ahs 

ahs 

ai 

Pf 

Phs 

y 

e 

e 


Airspeed  for  minimum  autorotational 

rate  of  descent  knot 

Never-exceed  airspeed  knot 

True  airspeed  knot 

Vertical  indiced  velocity  at  the  flow 

vane  (positive  down)  ft/sec 


Nondimensional  distance  parallel  to 
rotor  longitudinal  axis  (positive 
rearward  from  rotor  shaft) 

Nondimensional  distance  parallel  to 
rotor  lateral  axis  (positive  to  right 
of  rotor  shaft) 

Nondimensional  distance  parallel  to 
rotor  shaft  (positive  up  from  rotor  hub) 


Aircraft  angle  of  attack  (positive  NU)  deg 

Angle  between  AS{  vector  and 

horizontal  plane  of  aircraft 

(positive  NU)  deg 

Horizontal  stabilizer  angle  of 

attack  (positive  NU)  deg 

Angle  between  AS{  vector  and 

horizontal  plane  of  stabilizer 

(positive  NU)  deg 

Incidence  angle  between  longitudinal 

axis  and  chordline  of  the  stabilizer 

(positive  NU)  deg 

Sideslip  angle  of  aircraft  (positive  NL)  deg 

Sideslip  angle  of  horizontal  stabilizer 
(positive  NL)  deg 

Dihedral  angle  of  horizontal  stabilizer  deg 
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Inflow  ratio  =  (ASf  sin  af  -Vj)/nR 
Tip  speed  ratio  *  ASj  cos  af/J2R 
Atmospheric  density 
Roll  attitude  of  aircraft 
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The  TH-55A  helicopter  was  tested  by  the  United  States  Army  Aviation  Systems  Test  Activity 
from  October  1970  to  May  1972  as  part  of  a  development  program  to  improve  the 
autorotational  entry  characteristics.  Previous  United  States  Army  Aviation  Systems  Test 
Activity  tests  and  operational  experience  at  the  United  States  Army  Primary  Helicopter 
School,  Fort  Wolters,  Texas,  indicated  that  the  TH-55A  exhibited  excessive  nose-down 
pitching  and  left  rolling  motions  following  simulated  power  failures.  The  United  States  Army 
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an  upper-leading-edge  spoiler  which  improved  the  nose-down  pitching  characteristics  without 
seriously  degrading  other  handling  qualities.  A  second  phase  of  the  test  program  was 
conducted  to  verify  the  structural  adequacy  and  basic  airworthiness  of  the  new  stabilizer 
for  the  entire  flight  envelope  contained  in  the  1967  Hughes  TH-55A  owner's  manual.  Testing 
was  successfully  concluded,  but  a  reduction  of  dynamic  directional  stability  of  the  helicopter 
was  observed.  However,  the  decrease  in  dynamic  directional  stability  was  significantly 
outweighed  by  the  improvement  that  was  achieved  in  the  autorotational  entry  characteristics 
and  other  flying  qualities.  As  a  result  of  this  test  program,  the  active  fleet  of  TH-55A 
helicopters  was  converted  to  the  horizontal  stabilizer  configuration  developed  by  the 
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